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ABSTRACT 
The effect of parental age and birth order on dermato­
glyphic variation was invest�gated in a sample of 460 pheno­
typically normal, Caucasian Americans. The sample consisted 
of students enrolled in introductory physical anthropology 
classes at The University of Tennessee, Knoxville, during 
1976-77. Twenty fi�ger ridge counts, interdigital ridge 
�cunts, interdigital.pattern ridge counts; and ridge width in 
the a-b area were utilized in this study. 
In order to remove intercorrelations among dermato­
glyphic variables, the dermatoglyphic data were factor 
analized, fingers and palms separately, for each sex. Twelve 
factors for fingers and ll;for,palms were subjected to vari­
max rotation, and the resulting factor scores for each indi­
vidual were used in subsequent analyses in lieu of the orig­
inal dermatoglyphic data. Factor analysis was also used to 
decorrelate maternal age, paternal �ge, and birth order. 
Factor analysis of dermatoglyphic data indicated that 
there is an interaction between radial counts on the fourth 
and fifth fingers, lendi�g support to the idea that they form 
a distinct functional or biol�gical unit. Factor analysis 
also indicated that independent mechanisms may be responsible 
for the development of interdigital ridge counts and inter­
digital pattern size. Moreover, pattern size seems to func­
tion independently on right and left hands, whereas ridge 
iv 
V 
counts for each interd�gital area are more closely correlated 
between hands. 
This study revealed a number of s�gnificant parental 
age and birth order effects on dermat�glyphic variation. 
Effects on ridge count vary considerably between sexes and 
between fingers and palms, but. several areas tend to be 
affected more often than others; these include the interdig­
ita,l ,ridge counts, pattern ridge counts in the fourth inter­
digital area, ulnar counts on digits one and two and on 
the fourth and fifth d�gits (acting as a unit). Dermato­
glyphic asymmetry tends to be increased on fingers of indi­
viduals in high risk categories; intermediate parental ages 
and intermediate birth orders appear to be optimal in terms 
of developmental stability of finger.ridge counts. A tendency 
for asymmetry to decrease was observed on male palms with 
advancing birth order and on female digits with increasing 
parental ages. Ridge width in the a-b area of the palm was 
found to be_ greatest in both males and females of intermedi­
ate birth orders. 
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CHAPTER I 
INTRODUCTION 
The purpose of this study is to investigate the 
influence of parental age and birth order on dermatoglyphic 
variation in a sample of phenotypically normal, Caucasian 
Americans, The sample consisted of University of Tennessee 
students enrolled in introductory physical anthropology 
classes during 1976-7 7. For many years researchers have 
noticed that age of parents and parity of the mother (the 
number of children she has borne) have an effect upon the 
variability and viability of offspring. There is a widely 
recognized relationship between advancing maternal age and 
the incidence of some human congenital anomalies, including 
trisoJI\ies such as mongolism, hydrocephaly, cleft lip (with 
or without cleft palate) and anencephaly (Murphy 1954, 
Penrose 1961, Fraser and Mitchell 1876, Benirschke and 
Busch lS73), Few clearcut correlations exist with respect 
to �dvancing paternal age, although existence of a paternal 
age effect has been demonstrated for achondroplasia and 
sever,al other dominant mutations (Penrose 195 5). 
Various developmental anomalies have b�en shown to 
mani:fest abnormal dermatoglyphic configurations; these 
include congenital malformations of the hands and feet, 
autosoJI\al trisomies� aberrations of sex chromosomes, 
thalidomide embryopathy, and structural chromosomal 
1 
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aberrations (Schaumann and Alter 1976). Since parental �gi�g 
has an effect upon the incidence of co�genital . abnormalities, 
it would not be surprisi�g to find that it also affects the 
variable expression of traits within what is considered the 
range of normal development, includi�g dermatoglyphic con­
figurations. 
Variation in dermatoglyphic patterning may be broken 
down into two basic components: (1) the hereditary makeup of 
an individual, and (2) influences of the intrauterine envi­
ronment producing stress and tension in growth during fetal 
life. In 1952, Holt studied the heritability of total finger 
ridge count (TRC) and found that correlations fit remarkably 
with theoretical values for polygenes with additive effect 
(Holt 1952). (For description of dermatoglyphic variables, 
refer to the third chapter. ) Since Holt's classic study on 
inheritance of TRC, other researchers have proposed modes 
of inheritance for several .dermatoglyphic traits. Sekla 
(1963) suggested that radial loops on the fingers are inher­
ited as a simple dominant trait, while Loesch (1971) has 
postulated that loops on the second interdigital area and 
"" 
hypothenar area (H) of the palm are determined mainly by 
single_ genes. Pons (1964), usi�g a sample of 400 unrelated 
Spaniards showed that variation in a-b ridge count on the 
palm has a strong genetical determination. 
Dermal ridges are formed duri�g the third and fourth 
months of .fetal life and are therefore subject to environ­
mental pressures only during the first trimester of 
3 
pregnancy. The initial stage of differentiation of dermal 
ridges occurs when the hand is about 3.5 mm. long and is 
completed when it is about 15,6 mm. long, after which time 
no change in pattern seems to occur during intrauterine 
growth. After the seventh prenatal month the dermal 
papillae d�velop, and epidermal ridges are completed 
(Cununins 1929, Holt 1968, Okajima 1975) . After birth, dermal 
ridge patterns persist unchanged throughout an individual's 
life (Galton 1892) , with the only changes in ridges being 
those of size, as ridges keep pace with the growth of hands 
and feet. 
The v�riable alignment of ridges is caused by 
differential growth, which produces characteristic irr�gu­
larities in the form of hands and feet. Ridge configurations 
occur on the sites of the volar pads, which in the fetus 
are areas of differential growth. Early in the fourth pre­
natal month these pads begin to subside, and a pattern 
results if subsidence is incomplete before ridge formation 
begins. Patterns, therefore,. occur in specific areas of the 
palm and sole, as shown in Figure 1 (Cummins and Midlo 
1943), 
From our present state of knowledge about the inherit­
ance of dermal ridges, it appears that environmental factors 
affect configurations on the fingers to a lesser extent than 
those on palms, This may be because dermal ridges appear 
first on the balls of the fingers and later on the palms 
�nd soles (Holt 1968, Okajima 197 5) . One aspect of 
Figure 1. Ar:ieas·of -the palm·corresponding to fetal mounds. 
de:r;ma,toglfph.ic variation which has been attributed to 
environmental influences is bimanual asynunetry, which is 
discussed more fully in the next chapter. Bimanual asymmetry 
refers to deviations from perfect bilateral symmetry in 
homologous bilateral structures, Holt (1954) suggested that 
asymmetry in ridge counts between fingers on the right and 
. -
left hands is caused by environmental influences. Singh 
(1970) showed that asymmetry of finger ridge count has a 
low heritability., with most of the observed asymmetry 
probably due to the effect of the environment and of chance. 
The nature of the interaction between hereditary 
4 
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and environmental forces which act upon dermatoglyphic 
variation is still poorly understood. Parental age is a 
variable which can affect both the hereditary makeup of the 
offspring (as demonstrated by an increased frequency of 
chromosomal non�disjunction in offspring of aged mothers) 
and the fetal environment, which is altered by aging of the 
paternal and maternal reproductive tracts and hormonal 
changes that occur within the aging parents. 
The major purpose of this study is to investigate 
the effects of parental age on dermatoglyphic variation by 
examining (1) ridge counts, which have a high hereditary 
component, and (2) level of bimanual asymmetry, which 
appears to be a response to environmental stresses· on the 
developing organism. Since parental age is closely related 
to the number of offspring produced, effects of birth order 
on dermatoglyphics will also be analyzed. Birth order refers 
to the order in which sibli�gs are born, e.g., the first 
born has a birth order of one, the second child has a birth 
order of two, etc. , rt is hoped that this study will be 
useful in elucidating the effects of parental aging on 
fetal growth and development, with possible implications 
for genetic counseling of aging parents. A secondary purpose 
of this study is  to provide a comprehensive quantitative 
description of the dermatoglyphics of a sample of Cauca sian 
Americans , 
CHAPTER I! 
REVIEW OF THE LITERATURE 
In order to better understand the potential effects 
of parental age and birth order on dermatoglyphic variation, 
it is necessary to present some background information about 
the way in which they affect other aspects of human variabil­
ity. In this chapter, parental age and birth order effects 
are examined in detail in the first three sections . In the 
first section, known effects of aging and birth order on 
the variability and viability of offspring are discussed. 
The second section presents some mechanisms of aging which 
alter the gametes or the fetal environment; such changes 
could be responsible for some of the parental age effects 
found in offspri�g of older parents. The third section 
reviews dermatoglyphic characteristics which are associated 
with several abnormal conditi6ns (such as autosomal tri­
somies and cleft palate) which show a maternal or paternal 
age effect. Previous studies of the relationship betw�en 
parental age or birth order and dermatoglyphics are dis­
cussed in section four. The fifth section of this chapter 
discusses the theoretical framework which forms the basis 
for the idea that parental age and birth order can affect 
the nature of dermatoglyphic variation. 
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I. EFFECTS OF PARENTAL AGTNG AND PARITY ON OFFSPRING 
After conception, the living o�ganism undergoes a 
process of maturation and then aging. The reproductive life 
span in humans extends for several decades, during which 
time the organism undergoes various changes associated with 
completion of the maturation process and conunencement of the 
aging of cells , Since the living organism deteriorates 
somatically as it grows older, and aging ultimately termi­
nates its reproductive capacity, it is not surprising that 
aging also has a deteriorating effect upon the germ cells 
(Murphy 1954). Although the exact modes by which aging 
affects germ cells are not well understood at the present, 
researchers have noticed for many years that age of parents 
and parity of the mother have an effect upon the variability 
and viability of their offspring , They are known to affect 
sex ratio, incidence of twin births, longevity of offspring, 
prenatal growth rates, and frequency of abortion, still­
births, and congenital malformations . These are discussed 
more fully in the following paragraphs. 
Sex Ratio 
from the Japanese vital statistics during the period 
1937�43, Takahashi (1954). concluded that sex ratio of births 
has a variation according to mother's age. The sex ratio 
(proportion of males to females) is higher when the mothers 
are under 20 years of age, The ratio. gradually decreases 
until the mothers are about 40-49 years old, but the sex 
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ratio of births by mothers over 50 years old is the highest. 
However, Takahashi suggested that the h�gh sex ratio for 
mothers over 50 may be an artifact of social practices, 
rather than a biological fact (e .  g. , adoption of a young 
daughter's illegitimate children, which would include more 
males). Nearly the same tendency was found when births were 
examined by paternal age classes.  
Novitski and Sandler (1956) also observed a change in 
the secondary sex ratio as the age of parents and birth 
order increase, Their study showed that age of the father. 
and birth order are significantly correlated with the change 
in sex ratio, while mother's age is not. Their data sug­
gested that the sex ratio decreases linearly as paternal 
age and birth order increase. When the changes with increas­
ing birth order and paternal age were compared, they were so 
similar that the authors suggested that they appear likely 
to be caused by the s ame underlying factor. 
Twin Deliveries 
There is an increased frequency of dizygotic twinning 
in older mothers. Bulmer (1958) showed that the average 
- binovular twinning rates increase almost five-fold from the 
women under 20 years of age to the women over 35 years of 
age, while monovu.lar twinning rates remain unchanged . An 
ea�lier study· by re.rushalmy and Sheerar (1940) showed 
similar results; paternal age was only slightly related to 
frequency of monozygotic twins, while frequency of dizygotic 
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twins did not vary consistently with age. They also noted an 
increase of dizygotic twinning with increasing birth order. 
James (1976) has shown that the maternal age of unlike 
sexed twins is lower than that of like sexed dizygotic 
twins, 
A sli.ghtly different approach was taken by Renkonen 
(1966), who suggested that the essential characteristic 
of mothers with twins is high fertility. The average number 
of deliveries of mothers with twins exceeded the normal 
average of 3.3 by 0,5 deliveries in Australia (1910-14) 
and the normal 2.5 by 0,5 deliveries in New York state 
(1936-37)_ Renkonen evaluated the influence of birth order 
and age of mother on twinning rate in a series of families 
with twins and/or triplets collected from Finland and 
Sweden. Within the first three birth orders the rate in­
creased with the mother's age, but it increased negligibly 
within the late birth orders. 
Abortions and Stillbirths 
Older mothers have been found to have a higher risk 
of spontaneous abortions than younger mothers (Javert 1957, 
Murphy 1954, Parsons 1964, Boue et al . 1973, Nishimura 
1973). Javert (1957) found a positive correlation between 
spontaneous abortion rates and birth order, as well as 
between abo:Ption rate and mater1nal age. In an examination 
of 30,200 embryos and 2900 early fetuses, Nishimura (1973) 
observed that the embryonic population showed an unusually 
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high incidence of most types of malformation and the 
presence of some anomalies without exact counterpart in 
newborns. In s pite of a limited number of specimens from 
the extreme-aged group (over 40 years), a significantly 
increased tendency was recognized with respect to early 
embryonic death in older mothers. Also, a tendency for mal­
formation seemed to occur in the older mothers with a long 
interval between the last two pregnancies. 
Boue et al. (1973) studied abortions in which the 
development of the embryo was less than 12 weeks (14 weeks 
gestational age), Eighty percent of all spontaneous abortions 
occur before the twelfth embryonic week, and pathologic 
studies have clearly shown that it is in these abortions 
that abnormalities in the development of the embryo are the 
most frequent, A la�ge number of chromosomal disorders are 
I • 
found 1n human s pontaneous abortions. The role of maternal 
age, which has been clearly demonstrated in Down's syndrome, 
was found by Boue et al, (1973) to be significant only in 
trisomies, and mainly in trisomies involving an acrocentric 
chromosome (D, G  chromosomes). 
The frequency of stillbirths follows a U-shaped curve, 
with stillbirths occurring frequently in very young mothers, 
less frequently in the middle of the reproductive life s pan 




mother increas�s. It has been suggested that a major factor 
responsible for stillbirths in young mothers is the improper 
or incomplete functioning of the· endocrine system, and that 
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in older mothers the increase in percentage of stillbirths 
is largely due to the gradual cessation of proper function­
ing of the endocrine system near the end of the reproductive 
life span (Strandskov and Einhorn 1948) . Several other 
reasons have been suggested to account for the higher abor­
tion rate in older mothers, including a gradual deteriora­
tion of the intrauterine environment, degradation of the 
ovum during the interval between differentiation of the 
primary oocytes and ovulation, disturbances in the timing of 
fertilization, and a cumulative susceptibility of the 
maternal gonads to lethal mutagenic agents (Javert 1957, 
Boue ·et al. 1g 7 3, Nishimura 197 3) , 
It is possible that the noted increase in spontaneous 
abortion r�tes with maternal age and parity may be partially 
accounted for by other factors, James (1963) found that 
abortion probability varies from woman to woman but remains 
relatively constant within a given woman. Abortion prone 
women have more pregnancies, on the average, than other 
women, and they tend to have their pregnancies at higher 
ages. James suggests that these facts, rather than a direct 
causal nexus, account to some extent for the correlation of 
abo�tion rates with maternal age and gravidity. Also, 
selective application of contraceptive techniques after 
families have reached their desired number of births inter­
feres with the randomness assumed by interpolations based on 
curve�fitting procedu�es, However, a definite maternal age 
ef·fect has been sh.own in the abortion rates of women who had 
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never previously aborted. Such women would not be attempting 
to compensate for previously abo�ted pregnancies (Parsons 
19 64) 
There exists a.n apparent vat'iation in intrauterine 
selective pressures duri�g fetal life , When the sex ratio 
among abortions for diffe�ent months of uterogestation was 
examined by Strandskov and Bisaccia (1949), the highest 
percentage of males was found during the second and third 
months combined (78. 61 percent ) .  The sex ratio of abortuses 
decreased for the next four months to 53. 53 percent for the 
seventh month and increased up to 5 7. 84 percent for the 
tenth month , Thus, when selection pressures against males 
a,nd females were compared for each month, the highest rela-
tive pressure was against males during the earliest months, 
lowest during the seventh month and relatively high at or 
near full term . Since the dermal ridges develop during the 
early months of gestation , it is possible that such intense 
selective pressures against males might be reflected in the 
dermatoglyphics . 
The role of paternal age in the incidence of still� 
births is still uncertain, Ress �guie (1976) studied paternal 
age effects in groups of women selected to be homogeneous 
for education , previous pt'egnancy outcomes, age, race, and 
marital status . He concluded that stillbirth rates do not 
increase with father ' s  age independently of maternal varia­
bles, and that neither accumulation of mutations in the 
paternal germ line nor other biological changes as sociated 
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with father ' s  age can be inferred to cause an increase· in 
risk of stillbirth � However , Sonneborn (1 956,  1 9 60) found a 
significantly higher fetal death rate for offspring from old 
fathers . Yerushalmy (1 939) noted that stillbirth and pre­
mature birth rates vary in the form of a U-shaped distribu­
tion with parental age ; rates are high for young and old 
parents, both father and mother, and low for intermediate 
ages . Increased mutations of dominant autosomal genes should 
have some effect , however slight and difficult to measure. 
Congenital Malformations 
The incidence of human congenital malformations varies 
with seasons, with geographic locations , with sex, with 
birth order , and with parental age , In general, there is a 
correlation between · abnormalities and primogeniture, and 
between abnormalities and increasing maternal age. The 
maternal age effect has been found to be marked in hydro­
cephaly , mongolism , and cleft lip (with or without cleft 
palate) , slight in anencephaly , and absent in isolated cleft 
palate , spina bifida, and patent ductus arteriosus ; a 
U-shaped curve with maternal age has been found for anen­
cephaly (Benirschke and Busch 1973, Penrose 1 954). Elevated 
paternal age has been shown for the dominant mutations 
achondroplasia , ac�ocephalosyndactyly , and arachnodactyly 
(Penrose 1 9 6 1) ,  
Murphy (1954 } made a study of the outcome of every 
conception of a series of  mothers, each of whom had a 
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congenitally malformed child. A defect was diagnosed as a 
malformation involvi�g the body surface or, if solely inter­
nal, one which had been disclosed by operation or autopsy. 
The average maternal age at the birth of the first normal 
child was 23 years and at the bi�th of the first defective 
child was 28 , 4  y-eavs. After the births of their first normal 
children , the women who married at an earlier age waited 
almost twice as long before giving birth to their malformed 
children than did women who married later. Murphy also 
found that the proportion of defective to normally developed 
children remained more or less constant for births occurring 
between maternal ages of 15 and 29 years . Beginning at the 
age of 30, or even a little earlier, there was an increase 
in the proportion of defective children. Each succeeding 
five-year period revealed a progressive increase in the 
proportion of defective children . Between the maternal ages 
of 45  to 49 years, the proportion of defective to normal 
children was approximate�y three times as great as that 
observed when mothers were under 3 0  years old. 
One of the most frequently cited examples of the effect 
of parental aging on offspring is that of Down's syndrome, 
or mongolism ,  Over 90 percent of affected individuals have 
thz,ee free 21 cht"omosomes (Papp· ·et al , 1 9 7 7) . The chromosome 
number is therefore 47 , instead of the normal 46 chromosomes , 
This aneuplo�dy probably is a result of meiotic non-disjunc­
tion , Other persons with Down ' s  syndrome have only 46 chromo­
somes, including two chromosomes 21 , one normal D chromosome, 
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and a long chromosome consisting of almost all of a D 
chromosome plus almost all of chromosome 21 (D /21) ; thus, 
effective trisomy for chromosome 21 exists. In these cases 
the long chromosome a!"ises by Robertsonian translocation. 
There may also exist a reciprocal translocation involving 
chromosome 21 and any other heterolog . Where Down's syndrome 
occurs repeatedly within a family, it is likely that trans­
location is the cause, since it is  heritable through un­
affected 4 5�chromosome carriers ;  in these cases maternal 
age is not likely as  an etiological factor (Parsons · l964) . 
The increased risk for an older mother to have a child 
affected with Down t s  syndrome was observed long before the 
chromosomal basis of the disorder was discovered (Fraser and 
Mitchell 1876) . About one quarter of affected births are 
born to mothers aged 4 0  years and over, with the risk of 
having an affected child greater than one percent at this 
stage (Parsons 1964 , Penrose 1954) , Penrose (1933, 1954) 
has shown maternal age to be the most critical factor and 
that the effect of birth order , or parity, by itself is 
negligible , 
Since 1970 new chromosome staining techniques have 
made possible the determination of maternal versus paternal 
origin of the extra chromosome 2 1  in individuals affected 
with Down � s  syndrome , Recent studies have shown that in a 
significant percentage of cases , the extra chromosome comes 
from the paternal s ;ide , Wagenbichler· ·et al. ( 19 7 6) found 
paternal non-disjunction in eight out of 1 8  cases of Down ' s  
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syndrome ; Mikkelsen et al , ( 1 976 )  found five examples of 
paternal non�dis junction out of 16 ; and Magenis et al . (1977) 
found seven out of 31. These three studies show also that 
non-disj unction occurs in both the first and second meiotic 
divisions . Data suggest that most cases result from an error 
in the first meiotic division in the mother, but that a 
significant number originate in the father (Magenis et al. 
197 7 ) , The implication of a paternal effect in Down ' s  syn­
drome was s�ggested earlier by Glanville (1964), who found 
a tendency for male mongols to resemble their fathers with 
respect to A-d ridge count on the palm, and for females to 
resemble their mothers. The effect of paternal age on the 
frequency of non-disjunction is still unclear . Penrose (1933) 
and Mikkelsen et al , (1976) found no paternal age effect, 
wh.ile Stene et al . (1976) demonstrated an increasing inci­
dence of Down ' s  syndrome with advancing paternal age . 
Several hypotheses have been proposed concerning the 
etiology of chromosome errors , It has been suggested that 
mothers who give birth to a Down ' s  child at a chronologically 
early age may in some respects be characterized by an accel­
eration of the biol�gical aging process (Emanuel 1972) � 
Studies h�ve shown that the prevalence of nearly all . anti­
bodies increases with �ge ; an increase in the relative pres­
ence of  various antibodies in young mothers of affected 
ch.ildren, as well as an increase in prevalence of grey hair, 
was cited by Emanuel as evidence for accelerated aging in 
these young mothers , 
As in Down ' s  syndrome, elevated maternal age has been 
observed in cases involving sex chromosome aneuploidies, 
notably triplo-X CXXX ) and Klinefelter l s syndrome ( XXY ) . 
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It is possible that low maternal estrogen levels very early 
in pregnancy may affect the frequency of chromosomal errors . 
When the pH (acid-base relationship, or. hydrogen ion concen­
tration) is raised for 15  to 30 minutes in laboratory 
cultures of actively dividing human fetal fibroblasts, numer­
ical chromosomal errors are induced in up to 60 percent of 
the cells , Most cells have either additions or deletions of 
only one or two chromosomes , although errors include poly­
ploidy and aneuploidy , In most parts of the body the pH 
balance is buffered from changes, but in the female repro­
ductive tract, pH can vary by more than 0.2 units if exposed 
to only slight changes in estrogen concentration . A decrease 
in estrogen causes an increase in pH, which in v itro results 
in numerical chromosomal errors. Gonadotropin and estrogen 
levels are lower than aver�ge in menstrual cycles of women 
at . the beginning and end of the reproductive period , and it 
is these women who appear to produce offspring with a high 
incidence of chromosomal errors ( Ford 1973) . However, s ince 
re�tilization occurs after meiosis  I in the ovum, and since 
most maternal errors seem to have occurred in meiosis I, 
th.is hypothesis concerning estrogen levels in early pregnan--
I 
, ' 
cy can be eli·minated as a major ;f'actor in the etiology of 
Down ' s  syndroffle (Magenis· ·et· al , 19  7 7) • 
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Grell (1971 )  has suggested that · � di'stributive pairing· 
of chromosomes can cause numerical eTrors in ch�omosomes. In 
distributive pairi�g , ch�omosomes which have not undergone 
crossovers with thei� homologs in the earlier exchange pair­
ing enter a distributive pool. Within this pool, chromosomes 
pair accordi�g to size , a condition which generally favors 
pairing of homol�gs , However, non-homologous chromosomes of 
similar size may pair at this time . This involvement of 
non-homologs could lead to non-disj unction· and aneuploidy , 
Since it appears that the frequency of chiasmata, where 
crossing over occurs, is decreased in ova of older females 
(Donahue 1973, Luthardt et al. 1973, Henderson et al. 1972), 
it is possible that there is an increased number of univalent 
chromosomes in the distributive pool of older mothers and 
thus a higher risk of aneuploidy in their offspring. 
Another anomaly for which a parental age effect has 
been noted is facial clefting. The pathogenesis of clefts is 
controlled not by any single factor but by several factors, 
both hereditary and environmental, and the interactions be­
tween them ( Fraser and Calnan 1961) . Clefts occur when the 
embryonic palate shelves fail to fuse, usually due to failure 
of the shelves to move into position at the critical time 
when fusion can occur . There appear to be two distinct dis­
orders : (1) cleft palate (CP ) and (2) cleft lip with or with­
out cleft palate (CL (P } ) (_f�gh�.Anderson 1942). There appears 
to be an increase in incidence of CL(P) with advancing mater­
nal age (Woolf 1963 , Fraser and Calnan 1961 , Niswander et al. 
1975, Benirschke and Busch 1973 ) and paternal age (Fraser 
and Calnan 1 961, Woolf 1963 } , it is interesting that there 
appears to be no evidence fo� an association with parental 
age or birth rank fo1;1 isolated cleft palate (Parsons 1964, 
Benirschke and Busch 1973 ), Although positive associations 
have been found between facial clefts and advancing age of 
parents, birth order does not appear to influence the in­
cidence of the abnormality (Green et al. 1964). 
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A significant maternal age effect has been noted for 
clefts which are associated with multiple congenital malfor­
mations (Emanuel et al , 1973, Niswander et al. 1975). In a 
study by Emanuel et al , (1973 ) ,  the maternal age distribu­
tion was different among mothers whose children were affected 
only by an orofacial cleft as compared with those whose 
children were multiply affected; an increased proportion of 
the latter mothers were found at both low and high maternal 
ages , resulting in a U-shaped distribution. 
A significant difference between males and females has 
been shown for the incidence of facial clefts. There is an 
excess of males with CL (P) , the proportion r�ging from 60 
to 80 percent in various studies. The excess of males appears 
to be g�eater in the more severe defects, i. e. , for CLP 
thM �or CL a.nd for bi.la.teral than unilateral defects. 
Females which are affected a:r1e mo!'e likely to have an addi­
tional m.alformati.on than a:ffected males (F:r'aser 1970, Greene 
et al , 1 9.64 � Fraser, and Calnan 1961 , Emanuel et al , 1973). 
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Longevity ·of Offspring 
Studies on animals have indicated that the life span 
of offspring from older mothers is shorter than that of 
offspring of young mothers . A study of mice by Russell (1954) 
showed that the average survival is lo�ger in litters from 
younger mothers and in the first of several litters produced 
by a single mother ; longevity decreased with advancing age 
of the mother and with parity. However, Russell also found 
two advantageous aspects of maternal aging in mice : a de­
crease in susceptibility of offspri�g to a juvenile disease 
affecting the suckling young, and an increase in postnatal 
growth of offspri�g (determined by weight) , 
Lansing (1954 , 1959) took a clone of the parthogenet­
ically reproducing rotifer, · Philodina citrina, and estab­
lished three lines ; (1 ) eggs taken each generation from a 
young mother, (.2) eggs taken from a middle-�ged mother, and 
(3) eggs taken from a mother in the senile age _ group. In the 
offspring of middle�aged and senile mothers, the mean life 
span was reduced successively in each generation until the 
lines became extinct, and extinction occurred more rapidly 
in the offspring from senile mothers. However, in the young 
mother line 1 the life span of offspring increased slowly but 
significantly , Lansing concluded that in middle-aged and 
older mothers there exists some non-genie factor which can 
be concentrated in successive generations to increase the 
r�te of aging , such thAt eventually egg production no longer 
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occurs and the lines become extinct . This factor, which is 
cumulative, is presumably cytoplasmic and is t'tlansmissible 
through the egg , Lansing also found that accelerated aging 
is accompanied by accelerated growth but decreased maximal 
size, while rietarded agi�g is accompanied by retarded growth 
but increased maximal size. He concluded that the aging 
factor appears at the cessation of growth, since longevity 
in the offspring of growing mothers increased rather than 
decreased. 
Prenatal Growth 
It is well known that birth weight increases with order 
of birth (Karn and Penrose 1951, Roberts 1969, McKeown and 
Record 19. 53, Cawley et al . 1954) . This association must be 
related to rate of fetal growth, since the correlation be­
tween parity and gestation length is negligible (Karn and 
Penrose l SSl ) , McKeown and Record (1953) examined birth 
we�ghts of 13,020 English infants and found that from 30 to 
31 weeks ' gestation (the earliest period examined), males 
are heavier than females. They found no evidence for a dif� 
ference between . growth rates of first and later born until 
about 36- 3 7  weeks of . gestation, but from this time on, later 
born are heavier than first born , 
Birth weight shows a small but significant negative 
correlat ion with maternal age and length of gestation (Karn 
�nd Penrose 1951 ) , The proportion of low birth weight in­
fants has been found to be grieatest for the first and late 
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pregnancies ) the minimum being at the third rank , Young 
mothers in an Tndian popula.tion have shown a tendency to 
have an increasing proportion of low birth weight infants 
with increasing birth opder � whereas for older moth�rs (over 
30 yea.rs ) a general U-sha.ped dependence of the proportion on 
·parity was found . In other words , in younger mothers the 
weight of successive offspring tended to decrease, while in 
older mothers there was an increased occurrence of low 
birth weight infants among first and later born, with higher 
birth weight infants occurring in the third pregnancy 
(Chakraborty et al. 19 7 5) . Selvin and Garfinkel (1972) also 
found that the proportion of low birth we�ght infants varies 
with a.ge and parity of the mother . In their study, young 
mothers showed a tendency to have an increasing proportion 
of low birth weight infants with increasing birth order, 
whereas , the exact opposite was true for mothers o lder than 
45 ! They found that the intermediate maternal age categories 
reflected a transition from an a.ssociation of increasing 
proportion of  low birth weight infants with increasing birth 
order to a pattern of decreasing proportion of low birth 
weight infants with increasing birth order. Selvin and 
Garfinkel also observed a paternal �ge effect on the pro� 
po:r;,tion of low birth weight infants ; the distribution of low 
birth weight infants was described by a flat U ,-shaped curve, 
• I 
w,�th highe� p:r'opo:r:'tions of low birth weight inf ants born to 
fa.thet:'s i.n low and h�gh a.ge ca.tegories ,  
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The probability of surv�v�l shows a parabolic relation­
ship to parity such that there is sl�ghtly more risk for 
first and late pregnancies than for those between these 
extremes (Karn and Penrose 19 51, Namboodiri and Balakrishnan 
19 58 ) .  There appears to be a difference in variability among 
offspring of younger and older mothers , as shown in a tend­
ency for the standard deviation of birth weight to increase 
with maternal age. A similar observation has been found for 
parity, although the first born are more variable than 
second and third born (Namboodiri and Balakrishnan 19 58). 
The change in birth weight with birth order and mater­
nal age is presumably due to changes in the prenatal envi­
ronment . Mother's physique seems important in determining 
fetal growth rates, i. e . ,  small maternal stature is associat­
ed with a reduced rate of fetal growth. Cawley, McKeown and 
Record (19 54) have shown that at birth, and during the two 
years after birth, infant weight increases with height of 
the mother, but it is only slightly affected by paternal 
height. This result is independent of duration of gestation 
and birth order, and the authors suggest that it must be 
attributed to the influence of the maternal environment on 
the rate of fetal growth. Further study showed that the 
association between birth weight and parental height is more 
marked for first than for later born (McKeown and Record 
I 
19 54) , The difference in fetal growth rates between first 
and later born may be partly, although not entirely, 
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explained by the fact that the placenta is larger for later 
born than for first born (McKeown and Record 1953) . 
Low birth weight has been found in association with 
mental subnormality . In a study by Ba?'ker ( 1 966) , low 
intelligence er . � .  below 50 ) was associated with both a 
slower rate of intrauterine growth and a higher incidence 
of birth before 38 weeks of gestation than are found in the 
general population, Low fetal growth rates can be caused by 
various genetic, chromosomal and environmental abnormalities. 
Down ' s  syndrome provides an example of an abnormality caus­
ing both slow growth and subnormality (Barker 1 966, Smith 
and McKeown 1955, Papp et al , 1977) . Low birth weight of 
Down ' s  syndrome infants is not entirely explained by early 
onset of labour but must in part be attribut ed to slow rate 
of prenatal growth (Sm�th and McKeown 1955). 
II , EfFECTS OF AGING ON GAMETES 
In light of the number of effects upon offspring due 
to  aging in the parents , it seems appropriate to examine the 
influence of advancing age on gametes. In most marrunalian 
species , including . humans , the development of egg cells , or 
oogenesis, is limited to the prenatal or neonatal period of 
life in the . female ovary . Meiosis is initiated in all 
6ogonia duri�g the fetal period and proceeds to the dictyate 
sta,ge (late �ropha,se I }  of the oocyte ; then it becomes dor­
mant unttl maturat ion of the ovarian follicles . Dictyate is 
not a complete resti�g stage, however, since ribonucleic 
acid (RNA) and protein are manufactured and _ growth of the 
oocyte occurs (Baker 19 72) . All oocytes remain in prophase 
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for at least 12 years (until puberty), and many are dormant 
much longer, since normally only one ovarian follicle matures 
each month during the menstrual cycle. With maturation of a 
follicle, a primary oocyte completes the first meiotic divi­
sion to become a secondary oocyte, and the oocyte plus the 
corona of cells constitute the ova ·released from the folli­
cles. Immediately after penetration of the ovum by a spermato­
zoan, the secondary meiotic division occurs (Sutton 1975) . 
The early fetal period is characterized by the build-up 
of a large stock of primary 6ocytes and is followed by a 
continual loss of the primordial oocytes and follicular pop­
ulations until reproductive life ceases. Some oocytes, 
selected randomly, undergo follicular development, and a 
small number of these may ovulate and thereby potentially 
contribute to the next _ generation. The remaini�g oocytes 
eventually degenerate and thereby limit reproductive life 
(Foote 1973). 
Meios is occurs in the testes of most male animals. Two 
types of testicular tissue exist in vertebrates : seminifer­
ous tubules and interstitial tissue. Sperm are produced in 
the seminiferous tubules, while . interstitial tissue func­
tions in the synthesis of male hormones. The stem cells of 
the germinal tissue line the seminiferous tubules and are 
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known as spermatogonia . The spermatogonia replicate mitoti� 
cally, thereby maintaining a supply of  cells for the produc­
tion of gametes , During  each cell cycle, half of the 
·spermatogonia undergo meiosis, forming spermatocytes. When 
meiosis is completed the haploid cells, or spermatids, con­
tain a nucleus and appreciable quantities of cytoplasm. 
Eventually virtually all of the cytoplasm is lost and a long 
tail is formed , conferri�g motility on the mature spermato-
zoan . 
Since research on human gametes has obvious experimen­
tal limitations, mo st of the information known about the 
effects of ag�g on gametes comes from research on animals. 
Developmental defects which occur as a result of overripen­
ing of gametes before fertilization have been studied in 
the invertebrates and lower vertebrates, especially fish and 
amphibian eggs , Overripeness, or aging, of the ovum refers 
to degenerative change in the ovum following arrest of the 
meiotic process, Overripeness caused by delayed fertiliza­
tion has been well established as  a teratogenic factor. Some 
developmental anomalies due to the overripeness of amphibian 
egg s tnclude (1 ) polymelia and polydactyly, ( 2 )  tendency to 
produce axial duplications, especially in the head, ( 3 )  de­
ficiencies in O!gan�genesis leading especially to acephaly 
and microcep�aly , and (4 ) failure of the normal differentia­
tion of various tissues and organ systems (Blandau 1954) . 
Under laboratory conditions the f'.r'og Xenopus does not 
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maintain its seasonal periodicity of oogenesis ; instead , its 
ovaries always contain oocytes in all stages of oogenesis. 
Unless ovulation is induced , fully. grown follicles accumu­
late in the ovaries and eventually d�generate , Evidently 
there is a point at which follicular eggs switch their 
status from ripe to overripe , and data suggest that deterio­
ration of the egg due to aging happens at the end of the 
germinal vesicle stage. Under laboratory conditions, develop­
mental anomalies are common in Xenopus and are closely re­
lated to this arrest of the maturation process of oocytes 
associated with the lack of sufficient stimulus to induce 
ovulation of fully developed follicles ; anomalies include 
trisomy, monosomy and mosaicism , Observations in Xenopus 
and also in the rat strongly suggest that preovulatory over­
ripeness of the oocytes due to delayed ovulation results in 
reduced fertility of the ovum, its lessened capacity for 
development , and an increase in developmental abnormalities, 
thus increasi�g the risk of early embryonic death ( Mikamo 
and Hamaguchi 197 3 } . 
Henderson and Edwards (1972) have suggested that 
oogonia which are slower to enter meiosis in the fetal ovary 
form fewer chiasmata and are the last to ovulate in older 
females . This idea finds support in the observation of fewer 
chiasmata a.nd more univalents in metaphase l of older female 
mice , and in � dec�e�se ot genetical recombination in older 
female JI\ice (Luthardt ·et ·al " 19  7 3, Donahue 1 9  7 3 ,  Fowler and 
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Edwards 19.73 ) . 
Whereas female ga;metes O'.r'�ginate in the fetus aJ?-d con­
tinue to develop and age th�oughout the reproductive life 
span of the female, the time :riequired to go from spermato­
gonia to matu:rie spermatozoa is app'.rloximately 64 days. There­
fo:rie, the effect of �ging on spe'.rlmatozoa must be manifested 
within a much shorter time span. Sperm aging has been stud­
ied in three distinct environmental situations: (1) the male 
reproductive tract, i. e . , prior to ejaculation of semen; 
(2 ) the female reproductive tract, i.e., after semen deposi­
tion in the vagina, cervix or uterus; and ( 3) under condi­
tions in vit:rio . In the male reproductive tract, interest has 
centered on the changes in sperm in the epididymis, the vas 
deferens and the ampulla of the vas. It is difficult to de­
termine to what extent changes that occur during the passage 
in the epididymis and vas are influenced by age of the indi­
vidual. Although male fertility declines with advancing age, 
in man viable s perm are produced over a remarkably long 
period of years . However , the overall quality of semen is 
distinctly inferior to that of younger and s exually more 
active individuals , as assessed by combined morphological, 
functiona,1 a,nd biochemical c?'lite'.rlia. This is partially due 
to a deterioration with age in the quality of sperm; it is 
also due to some extent to cha�ges in the endocrine status 
I 
of the aging -male , which b�ing a,bout a decline in the 
tes-tosterone�dependent activities of male accessory organs 
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concerned with formation and secretion of seminal plasma , 
After about 50 years of age, testosterone levels decline in 
the male ; this , t�gether with a decreasing excretion of 
testosterone and marked alterations in the rates of steroid 
conversion, may cause the age�dependent cha�ges in human 
seminal plasm� . Other factors may include changes leading to 
a diminished supply of blood and nutrients to the testes 
and accessory organs, progressive tubular fibrosis, focal 
hyalinization of seminiferous tubules and a reduced number 
of capillaries, all of which are conunonly found in aging 
men (Mann and Lutwak-Mann 1973). 
In the female reproductive tract the survival poten­
tial of spermatozoa diminishes rapidly. In the rabbit, sperm 
do not acquire the capacity to fertilize until after they 
have spent a few hours in the female genital tract . The 
most striking changes which sperm undergo in the uterus of 
the rabbit doe are increased respiration and aerobic glycoly­
s is . These metabolic increases appear to be due to changes 
within the sperm cells, rather than to the nutrient effect 
of uterine secretion. Information is lacking at present 
about the effects of ag�ng in the female on the life span 
and performance of sperm in her own reproductive tract. 
Howeve� ,  such effects are highly likely because of hormonal 
changes which.. occur in the agi�g female, as well as because 
of alterations · in the chemistry of the aging uterus as such. 
Certain uterine enzymes become less active with age, probably 
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as a result of declini!lg hor,mone levels and of a diminishing 
response of aging t iss-ues to hormonal stimulation (Mann and 
Lutwak�Mann 1�73 ) , 
Laboratar,y studies o� sperm agi�g indicate that the 
early stages of  sperm senescence· in· vitro and in vivo have 
ce�tain featu�es in common . Biochemical research indicates 
that the initial defect which triggers degenerative changes 
in sperm occur in the sperm membranes and the acrosome. 
Early in degeneration, the acrosome swells and structural 
changes occur in the acrosomal and plasma membranes. An in­
.crease in cellular permeability leads to loss of intra­
cellular constituents and penetration by substances from 
outside the sperm cell . Losses of vital enzymes and coenzymes 
result in exhaustion of energy sources, less effective con­
trol of energy utilization , and disturbances in metabolism .  
Nuclear instability has also been implicated in s perm aging 
( Mann and Lutwak-Mann 1973). 
Through biochemical and physiological studies on 
gametes , it is becoming evident that unless the s perm pene­
trates the egg within a short interval of time after ovula­
tion and insemination, rapid degeneration of the sex products 
occurs. In both domestic mammals and man, there is evidence 
that at least 30 percent of the ovulated eggs either fail 
to be fertil�zed or produce abnormal embryos which die dur­
.tng the ea:rily stages of pr�gnancy. Studies on guinea pigs 
have ·shown that principal effects of aging were early death 
31 
of the ovum in the preimp1�nt�tion period and retardation 
in the rate of development in the ova which had been implan­
ted (Blandau 1 9  ..54 } .  A sl0wer rate of cleavage among ferti­
lized eggs has also been observed in older mice and hamsters 
(Adams 1 9 73) , This retardation in the prenatal growth rate 
6f offspring of agi�g parents may affect the developmental 
timing of growth and thereby affect normal variation or lead 
to developmental abnormalities such as cleft palate. 
III . DERMATOGLYPHIC CONFIGURATIONS IN ABNORMAL 
CONDITIONS ASSOCIATED WITH PARENTAL AGE 
Dermatoglyphic variation is an expression of develop­
mental processes controlled by heredity and influenced by 
environmental factors. To the extent that aging in parents 
can affect the genes or the reproductive environment, it has 
the potential of producing variation in the expression of 
dermatoglyphic characters. Many of the abnormal conditions 
in offspring of very young and older parents have shown unu­
sual dermatoglyphic features. This is especially true of the 
autosomal trisomies and sex chromosome aneuploidies. The 
unusual dermatoglyphic conf�gurations probably result from 
the abnormal number of chromosomes, while the conditions 
themselves are related to parental age. However, if age of 
parents is found to affect dermatoglyphic variation in nor­
mal offspring, it is possible that some of the same or 
similar dermatoglyphic traits f6und in these abnormal 
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states would appear with inc�easi�g frequency in otherwise 
normal children of  older parents. Dermat�glyphic configura­
tions which. are associated with ·these abnormal  conditions 
are discus sed in the following paragraphs. (Definitions of 
dermatoglyphic variables may be found in the third chapter). 
Autosomal Trisomies 
Trisomy refers to the presence in triplicate of a 
chromosome which normally appears as a homologous pair . 
Three well�defined pathological conditions caused by an extra 
autosome show characteristic peculiarities of ridge configu­
ration , The three syndromes are : (1) Down ' s  syndrome (tri­
somy 21), (2) trisomy 18, and (3) trisomy 13 . 
Trisomy 21. Also called Down ' s  syndrome or mongolism, 
trisomy 21 causes a retardation in growth of most parts of 
the body, resulting in multiple anomalies,  including mental 
defect . The limbs are characteristically short, and the 
hands are short and broad with thick, stubby fingers. A 
single transverse crease, or simian line, frequently occurs 
on the palm, and the distal flexion crease on the fifth 
finger is often absent (Holt 1968, Schaumann and Alter 1976) . 
One of the most characteristic features of the derma­
toglyphics in Down ' s  syndrome is a marked increase in the 
frequency of ulnar loops on the finger tips ; these tend to 
be vertically oriented and L""'shaped, Frequently, ulnar loops 
may be found on all ten fingers , When radial · loops are 
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present , . they tend to occur on .the fourth or fifth finger · 
rather than on the index finger , where they are most fre­
quently found in normal individuals , Other characteristics 
include centrally placed triradii on palms, transversely 
aligned ridges on distal palms , third interdigital patterns, 
·a· h�gh frequency of hypothenar patterns , and a low incidence 
of patterns in the thenar/ I  area. The total finger ridge 
count in Down ' s  individuals is lower and its variability 
smaller than in the normal population . This tendency toward 
decreased variability in ridge counts is also common for 
other dermatoglyphic traits in Down ' s  syndrome (Holt 196 8 , 
Schaumann and Alter 1 9 76, Loesch 197 5 ,  Berg 1968). 
Although mean values of a -b ridge count on the palm 
do not appear to differ significantly from controls, Penrose 
.and Loesch (1967 ) have found ridge width in that area to be 
significantly narrower than in controls. They suggested that 
th.e narrow ridges reflect the relatively short statures of 
Down's individuals, which are about equal to the normal 
statures of 14 year old normal males and 11 year old normal 
females , respectively , Mean ridge width in mongols appeared 
to be similar to that in control  children of comparable 
stature , 
· Trisomy: 1 8 .  Indivi,dua,ls with trisomy 1 8  show develop­
mental and mental retardation , with a characteristically 
long head , low�set 1 malformed ears , and m.icrognathia . Flexion 
deformities· of  the hands are characteristic, and fingers 
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generally lack distal flexion creases , A single transverse 
palmar crease is  frequently observed in individuals with 
trisomy 18 . The most characteristic dermatoglyphic feature 
in full trisomy 18 is a striki,�gly high frequency of arches 
on the fingertips; fewer than six arches is very unusual, 
although it is sometimes observed in mosaic, translocation, 
or partial trisomy 18 , Radial loops tend to occur mainly on 
the thumbs, less often on the third, fourth and fifth fin� 
gers, and rarely on the second digit . Distal axial triradii 
also occur frequently in individuals with trisomy 1 8  (Holt 
1968, Schaumann and Alter 1976, Penrose 1969) . 
Tri·somy 13 . Characteristic features of trisomy 13 
include mental retardation, microcephaly, cleft lip and cleft 
palate, deformities of the eyes and ears, and polydactyly 
(extra digits). An unusual .frequency of fingertip pattern 
types has been found . Arches and radial loops are consider­
ably increased in incidence, while ulnar loops and whorls 
are decreased , Only 28 percent of radial loops are found on 
the second digit, with the remainder almost equally divided 
among the remaining digits , The axial triradius is usually 
displaced distally to the center of the palm, resulting in 
very wide· atd angles , This triradius is even higher on the 
palm than it is in mongolism and trisomy 18 . Thenar patterns 
are quite frequent in trisomy 13 , and a single transverse 
flexion crease is often observed on the palms (Holt 1968 , 
Schaumann and Alter 1 9 76 ) , 
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Sex Chromosome Aneuploidies 
Abno!1111alities in th.e num,ber of sex chromosomes do not 
seem to have as g�eat an influence on dermatoglyphic charac­
ters as do autosomal aberrations , However, there are some 
dermatoglyphic peculiarities associated with sex chromosome 
defects , 
Turner ' s  syndrome. Turner ' s  syndrome results from 
full or partial monosomy of an X chromosome, with or without 
mosaicism. There are usually 4 5  chromosomes in each cell, 
with only one X and no Y. Individuals with Turner ' s  syndrome 
are phenotypically females of short stature, with symptoms 
of ovarian dysgenesis and infantile external genitalia. 
Webbing of the neck is characteristic and the condition 
often produces slight defonnities of the limbs and extremi­
ties , On the palm the skin is frequently very thin and 
wrinkled , and volar pads tend to be prominent (Holt 196 8 , 
Schaumann and Alter 1976). 
On the fingers there tends to be a reduction of arch 
and radial loop patterns and an increas e in the number of 
ulnar loops , Total finger ridge count and a-b ridge count 
have been found to be higher in individuals with Turner's 
syndrome than in controls . On the palms the axial triradius 
is d�spl�ced dist�lly , �lthough not as much as in Down ' s  
synd:r,,om,e , As sociated with this distal axial triradius is a 
la,rge ·!3.td angle and an inc:r.ieas-e in hypothenar patterns -
(Holt 1968 , Schaumann and Alter 1976) , 
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· .Klinefe-it·er t s  syndrome . The te:rm Klinefel te:r ' s syn�  
drome is applied to ma.les with rnor,e than one X chromosome in 
each cell , Individuals with Kl inefelter ' s  syndrome are pheno­
typically males with underdeveloped genitalia, s parse body 
hair , and limbs which are lo�ger than average . A maj ority of 
individuals· with Klinefelter • s  syndrome are mentally defec­
tive, and the condition accounts for some one percent .of 
male patients in mental institutions . However, patients with 
apparently normal intelligence and normal development, al­
though sterile, have been described (Sutton 197 5) .  
Dermatoglyphic characteristics in 4 7,XXY individuals 
are not very different from normal males, the most notable 
feature being a reduced total finger ridge count. Patterns 
tend to be smaller, with lower ridge counts. On the palms, a 
tendency for increased width of the ridges has been noted. 
An increase in the number of sex chromosomes (XXYY, XXXY, 
XXXYY 1 XX�X'Y ) is generally associated with a proportional 
reduction in total fi�ger ridge count and an increase in 
width. of ridges in the· ·a-b area. The s ingle transverse 
flexion crease is frequently found in the various types of 
Klinefelte:r ' s  synd:r1ome (Holt 1968, Penrose and Loesch 1967, 
19.6 9., Schaum.ann and Alter 19 7 6 , Shiono· et al , 19 7 5) , 
f'olysom,ies of the· X ·chr•omosome 
There �oes not seem to be a distinctive phenotype 
a.m,ong 4 7 �XXX �emales , although various congenital anomalies 
have been observed , Frequently an increase . in mental 
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impairment and sexua,1 disturbances· (menstrual disorders , 
amenorrhea , ste:riilityl occur , Tetrasomic (XXXX ) or pentaso­
mic (XXXXX) females are usually affected more severely , with 
mental retardation and various co�genital abnormalities. 
Dermatoglyph.ic features include a progressively lower mean 
total finger ridge count correlated with an increasing num­
ber of sex chromosomes (Schaumann and Alter 1 976) . In addi­
tion , Saldana-Garcia (1975). found an excess of radial loops 
and arches on the fingers of XXX females and a tendency for 
riidge width to increase with the number of sex chromosomes . 
Cleft Lip and Palate 
A number of studies have been done to investigate the 
· incidence of unusual dermatoglyphics associated with cleft 
lip and/or palate . No significant differences were found be­
tween patients and controls regarding patterns on the fin­
gertips , third interdigital area or hallucal patterns of 71 
patients examined by Silver (1966). DeBie et al . (1 977 )  
likewise found no significant differences between 143 cleft 
patients and controls with respect to patterns and ridge 
counts on fingers and palms. However , Adams and Niswander 
(1967) found an increase in fluctuating asyironetry of· the 
palma;t'· ·atd angles · in ;Lndividuals with familial CL ( P) , a -
finding which was confirmed by Woolf and Gianas (1 976) ; no 
difference in atd asymmetpy was found between cases with --. 
sporadic CL (P l  o� isolated er and controls , Propositi with 
familial CL C:P ) , as well as their normal sibs and parents , 
have also been found to show gre.ater asymmetry in a-b ridge 
counts and pattern types cm the fi�ge'.t's , while propositi 
without a family histor,y a,nd their normal sibs and parents 
were similar to controls  (Woolf and Gianas 1977) . 
.IV , EFFECTS OF PARENTAL AGE AND B IRTH 
ORDER ON DERMAL RIDGES 
38 
Very little research has been done on the relationship 
between parental age or birth order and dermatoglyphic 
variation , A study of pattern types in 666 Koreans by 
Birdsong and Rashad (1972) suggested that subjects of birth 
order number six have a high frequency of true whorls and a 
low frequency of ulnar loops. They found no consistent trend 
for birth orders one through five. However, their results 
were not confirmed by a similar study of German families by 
Brehme and Wittmann (1975), who were unable to show an effect 
of birth order or maternal age on the number of whorls in 
the offspring , 
Dermat�glyphic asymmetry has also been investigated 
with respect to the effect of maternal aging. Parsons (1973) 
studied bilateral asymmetry of finger ri�ge count and found 
a matern�l �ge effect such that asynunetry tended to be high 
in offspr�g of older mothers. His data also indicated an 
increa,se in a.symmetry with pat'ity. , but the sample was too 
small for conclus ive results. 
A simi.la,r study of ri�ge count asymmetry was done by 
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Parham and Scott (n . d ,  } in which asy·mmetx,y on the index 
finger was examined ,  Th.is digit exhibits the highest degree 
of asymmetry between correspondi�g fingers of both hands , 
Preliminary analysis of their data suggested that asymmetry 
is highest in offspring of  younger and older mothers , Low 
·asymmetry values were observed in offspring of :mothers aged 
31-35  years, which may reflect an optimal maternal age 
range for developmental stability of the fetus . Mean ridge 
- counts on the index finger showed no indication of effects 
from either maternal age or birth order in their study. 
V ,  D;rSCUSSI ON 
It has been shown that aging in parents produces 
variation in the offspring and that it also affects gametic 
development as well as fetal growth. Most of the effects of 
parental agi�g have been studied . in relation to abnormal 
states in their offspring , and a number of these patholog­
ical conditions produce peculiarities in the dermatoglyphic 
configurations of affected individuals. An increase in ma­
ternal age also appears to pr,oduce increasing asymmetry in 
finger ridge counts of  normal individuals , The large majo�i­
ty of studies involvi!lg dermat�glyphics and developmental 
processes h.ave been aimed toward clinical diagnosis, but 
unto�tunately , most haye lacked a theoretical orientation .  
I3y what pI'ocesses could agi_ng in pa'.r'ents affect the expres­
sion of derma.t�gl.yphic traits? Do these processes produce 
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identifiable derimat�glyphic characteristics in the offs pring 
of aged parents ?  In answer, to these questions, two possibil� 
ities will be considered : Cl ) the effect of aging on fetal 
growth, and (2} the effect of aging on developmental 
stability of the offspring . 
Derimatoglyphics· ·and I·n·tx,aute·rine Gt,owth 
Birth weight may be regarded as one indicator of the 
rate of fetal growth , There exists a high correlation be­
tween intrauteriine growth retardation and low birth weight 
(Warkany ·et al. 19 6 1 }  � Since older mothers tend to have 
offs pring with low birth we�ghts (Karn and Penrose 19 51) , 
it is likely that the rate of prenatal growth in their off­
spring is slower than that in offspring of younger mothers . 
Supporting this idea is the observation of slower rates of 
development and cleavage in eggs of aged mothers among ex­
perimenta.l anim�ls C .Blandau 19 54 ,  Adams 19 73) . 
Low bir�h weights are characteristic of individuals 
with sex chromosome aneuploidies, there being a general 
decrease in birth weight as the number of sex chromosomes 
increases (Barlow 1973 ) . These low birth weights, along 
- with retarded mental development, are cited by Barlow as 
examples of a :reduced rate of cell division, which he pro­
poses is partially regulated by the amount of heterochroma� 
ti.n in _the cells , Heterochrom�tin is the darkly staining 
region of ·chromosomes whi.ch. replicates late in the cell 
cycle (Back 19 76) , According to Barlow (19 73), in the sex 
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chromosome aneuploidies the extra chromosomes are heterochro � 
matic ; thereforie , th.ey- reduce the :riate of fetal growth , 
Webb (1 9 77 )  found sexual differences in tooth measure­
ments, dermal ridge counts , and dermatoglyphic asymmetry 
which support the idea that heterochromatin affects growth 
rate , The Y chromosome in males and the inactive X chromosome 
in females are heterochromatic. If heterochromatin retards 
growth rate , then males would be expected to have faster 
growth rates than females , s ince the Y chromosome is smaller 
than the X ch�omosome. !n a sample of American Whites, Webb 
demonstrated that males show faster development of tooth 
crowns, larger tooth sizes, higher ridge counts, and general­
ly higher dental and dermatoglyphic asymmetry values than 
females . These results accord well with the theory that 
heterochromatin affects growth rates. 
From the evidence presented by Barlow (1973) and Webb 
(19 77), it appears that the magnitude of ridge counts may be 
affected by the rate of fetal_ growth, with accelerated 
growth rates produci�g high ridge counts and slow growth 
rates produc�ng lower ;riidge counts. I:t is possible that 
growth rate also affects the width of dermal ridges. An 
incre.ase �n the sex chromosome number produces an increase 
;i,n 'r{idth of  r��ges in the· ·a.·�b area, as well as a reduction 
in total finger ridge count (Penrose and Loesch. 19 6 7, 1969 ; 
Penriose 19 6 7  l ,  S'i,nce. individuals with sex chriomosome aneu­
ploidies appear- to have a �educed rate of cell division 
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(Barlow 1973 } , this '.r'eta!"ded . growth rate may be partially 
respons ible for the b!"eadth of dermal ridges. I f  this is the 
case, then a reduced growth rate would produce wider ridges, 
and vice versa . . Such a suggestion has been proposed by Jantz 
and Parham C.1978 ) , 
The effect o t  parental �ge on . growth rate of human 
offspring i s  not known at present . However, a slower rate of 
cleavage among fertilized eggs has been observed in older 
mice and hamsters (Adams 1 S73 ) ,  and retardation in the rate 
of development in implanted ova is a principal effect of 
aging in guinea pigs (Blandau 1954) , Older human mothers 
tend to have offspring with slightly lower birth weights 
(Karn and Penrose 1 9 51 } ; thus, it is  likely that the fetal 
growth rate in older mothers is somewhat slower than that in 
young mothers. It could be expected, therefore, that the 
offsp�ing of older mothers would have wider ridges and lower 
ridge counts than those of young mothers. 
A higher percentage of low birth weight infants occurs 
in first and later born offspring, and birth weight tends to 
increase with birth order in the intermediate birth order 
categories , If fetal growth rate (as reflected by birth 
weight } a;f;'�ects the nuil\bex, and width of dermal ridges, then 
one could expect to find lowe:r, ridge counts and wider ridges 
�n �ndividuals of very low and high birth orde� , and higher , -
ri�ge ·counts and nar�owe� rl�ges in intermediate birth 
orde.rs , 
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It should be noted at this po int that in de:rimat�glyphic 
development we are concerned with prenatal growth. There is 
evidence that some of the relationships present at birth are 
reversed postnatally . For example, in contrast to the direct 
relationship between stature and parity at birth, there is 
an inverse relationship between stature and birth order dur­
ing the period from one year after birth to 14 years. Within 
these age limits, higher means are reported on first born 
rather than on children of later birth orders (Meredith 
1950) . In his study on rotifers, Lansing (1954, 1959) ob� 
served that accelerated agi�g was accompanied by retarded 
maximal growth, whereas retarded aging was accompanied by 
greater maximal growth . In the sex chromosome aneuploidies, 
birth weight decreases with additional chromosomes, but 
adult height tends to increase (although not consistently) 
as the number of chromosomes increase (Penrose and Loesch 
1967 ) .  Also, a study of tooth size in 47, XYY males by 
Alvesalo et al , (1975) showed that the teeth of XYY males 
are larger but reach their maturation later than the . teeth 
of normal XY .males ; th.us, al though the mitotic rate of their 
cell lines might be slower than that of XY ,. the larger tooth 
s izes of the XY� .�ales may result from a relatively lo�ger 
active mitotic period . These studies indicate that factors 
which a;ffect , prenatal griowth. and development are not 
· necessarily the sa.me as  th.ose which contziol postnatal growth 
ra.tes , Since denn,a,toglyphic ch�racters are determ.ine'd 
prenatally , postnatal . growth factor,s can ·have no effect on 
variiation in the numb.e:r;, ot dermal vi�ges, although they do 
produce some variation in s;Lze as the ri�ges keep pace with 
growth of the hands and f;eet , 
Dermatoglyphics and o·evelopn,;enta1· Stability 
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A considevable amount of research has been ·concerned 
with developmental stability , or the ability of the organism 
to resist environmental disturbances during development. 
Canalisation reters to the ability of an organism to with­
stand, or be buftered against, such environmental upsets in 
the developmental process (Waddi�gton 1957). One form of 
variation which has been used to measure developmental 
stability is fluctuating asynunetry, which refers to the 
non-adaptive deviations from perfect bilateral symmetry in 
homologous bilateral structures such as ears, eyes, arms, 
fingers , etc , (Soule 196 7) . · The level of asymmetry has been 
used to indicate the effectiveness of the control system in 
buffering against accidents of development. 
A character frequently studied in regard to asymmetry 
is the stevno-pleurial chaeta (bristle) number in Drosophila. 
The degree of fluctuating asymmetry in chaeta number can be - ·· 
increased thro�gh a:ritificial directional selection and in-
breedi.�g .  Thoday C.19 5 8 l found that ten . generations of selec-
tion for high or lo� sterno�pleural chaeta number produced 
a deterioration of; developmental homeostasis as measured by 
chaeta number , He suggested th.at the increasing asymmetry 
was probably due to a deteriorat�on of the balanced gene 
complexes linked to those affecti�g bristles . Selection 
regimes have also produced alterations in asymmetry of 
secondary vibtlissae (whiskers ) and number of toes on the 
hind feet in mice (Kindred 196 7) . 
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rn humans, dermatoglyphics provide a useful measure of 
fluctuating asymmetry in the individual. Since dermal ridges 
are formed early in embryonic development, they can reflect 
developmental processes of early prenatal growth. Dermato­
glyphic patterns have no known functional advantages, thus 
it is unlikely that natural selection would act directly 
to reduce asymmetry. , Dermatoglyphic asymmetry can therefore 
be considered to reflect the extent to which the developing 
organism is subject to developmental disturbances (Jantz 
n. d. ) .  
A familial study on asymmetry of finger ridge counts 
revealed only a small hereditary component ( Singh 1970) . 
However, Jantz (197 5 )  found patterning of fluctuating asym­
metry along population lines, suggesting a genetic rather 
than environmental basis for such variation . He suggested 
that the degree of developmental stability in different pop­
ulations may itself be under genetic control. Soule (1967 ) 
has also postulated that the:re is a population asymmetry 
parametex, which characterizes- asymmetries for populations, 
but not ne.cessax,ily within i_ndividua.ls , In other words , a 
population having a, h:r,gh aver�ge asymmetry for one trait 
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would tend to have high levels of  asymmetry for other traits , 
According to Soule, this c0rrelation in asynunetry levels for 
traits within a population does not hold true in the indi� 
vidual organism ;  a high. level of asymmetry in tooth dimen­
sions would not necessarily imply asynunetry in other struc­
tures within an individual , 
However , other investigators have found evidence that 
asynunetry does reflect an inability of the individual geno­
type to buffer against environmental insults . Garn et al. 
(1966) found an increase in asymmetry of the distal tooth 
in each class as compared with the proximal tooth ; individ­
uals with third molar agenesis were found to be more asymmet­
rical for all remaini�g teeth, suggesting a generalized 
phenomenon. 
Dermatoglyph�c pattern type on fi�gers and a-b ridge 
count have sh.own increased asyrrunetry in propositi with 
familial CLO' )  and in thei,r normal parents and sibs (Woolf 
and Gianas 1 97 7 ) , which lends support to the concept that 
asynunetry can be a generalized phenomenon within an individ­
ual . Adams and Niswander (1967 } noted an increase in asym­
metry of the atd angle and molar teeth in individuals with 
ta.ll\ilial CLCP }  as compa�ed w.i.th controls , altho�gh this 
�ncreased level of asY1IU'l\etry- was not observed in cases of 
sporadic CL CP )  or isolated CF , a findi�g confirmed by Woolf 
and Gi.anas (l g76 l ,  Ads-11\s: and Niswa_nde?:' concluded that the 
increa_sed asy,mmetry reflected a lack of buffering against 
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developmental noise in affected individuals , 
Since parental age and birth order effects have been 
shown in a number of co�genital disorders, including CL(P), 
it is possible that offspri�g within high risk categories 
are less well buffered against upsets during development, 
i. e ., they are less well canalised. However, it is also 
possible that the parental age and birth order effects 
result not from the degree of canalisation in the offspring, 
but from the increased levels of stress presented by the 
reproductive environment at various parental ages and with 
different states of parity in the mother. Either a lack of 
canalisat�on or an increase in environmental stress associ­
ated with parental age and birth order could be expected to 
produce increased levels of asymmetry in offspring within 
high. risk categories , A study of sum.med finger ridge count 
asyrrunetry by Parsons (19 73 )  was suggestive of a maternal 
age. e,rfect, showi�g greater asymmetry at high ages. However, 
little is known about the effects of parental age and birth 
ovder on individual digits or areas of the palm. 
CH.APTER TIT 
OBJECTIVES 
The main obj ective of this study is to investigate 
the effects of parental age and birth order on the dermato­
glyphics of phenotypically normal individuals. Three types 
of dermatoglyphic traits will be examined : (1) ridge counts 
on fingers and palms ; (2) ridge width in the a-b area of 
the palm ; and (3) asymmetry of ridge counts on fingers and 
palms , 
Parental age and birth order effects known in humans 
tend to be either linear or parabolic in their , distribution. 
For example, as maternal age increases, there appears to be 
an increase in the frequency of spontaneous abortions, twin 
deliveries, hydrocephaly, and Down ' s  syndrome in offspring. 
Parabolic or U-shaped distributions in relation to maternal 
age are found in the frequency of stillbirths, low birth 
weight infants, chromosomal errors, anencephaly, CL (P) in 
conj unction with multiple malformations, and lower survival 
rates of offspring ; these traits have higher frequencies 
at low and high maternal ages , Thus, an intermediate mater­
nal age may be optimal, since it is associated with the 
h_�ghest rept"oductive aoil�ty a.nd the fittest offspring, as 
-measu:r;ed by II\a;ximu·m developmental stability and viability 
(Pa�sons 19 64 1 1g73 ).  ff maternal age affects dermatoglyphic 
4 8  
49 
variation, then changes in the frequencies of dermatoglyphic 
traits could be expected to show linear or parabolic trends 
as maternal age increases . 
Based on evidence from sex chromosome aneuploidies, 
it was suggested in the last chapter that the rate of fetal 
g�owth affects the number and width of ridges, with a slow 
rate of fetal growth associated with reduced total ridge 
counts and increased ridge breadth in the a-b area. Little 
information is available regarding differences in fetal 
growth rates in parents of various ages. However, low birth 
weight may be inte:ripreted as indicative of slow fetal growth 
rates . Birth weight shows a small but significant negative 
correlation with maternal age (Karn and Penro se 19 5 1) . Thus, 
if growth rates affect dermat�glyphic variation, one would 
expect a decrease in ridge counts and an increase in ridge 
breadth to occur as maternal age increases .  Birth weight 
tends to increase with birth order, although a high frequen­
cy of low birth weight infants has also been found for late 
pregna.ncies (Karn and Penrose 195 1 , Chak:raborty et al. 197 5 ) . 
Thus , a linear or parabolic .trend in dermatoglyphic varia­
tion could be expected in relation to birth order. A linear 
reiationship could retlect a tendency for ri�ge counts to 
inc;('ease and ridge width to decrease as birth order increas­
es ; a parabolic distribution would show the highest ridge 
counts and most narrow �idges occurring in intermediate 
birth o!"deris . 
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There has been a s�ggestion CSelvin and Garfinkle 
1 S72 ) that low and high paternal ages are associated with a 
slightly elevated proportion of low birth we�ght infants. 
I f  this is the case, then lower ridge counts and wider 
ridges would be expected in offspring of very young and 
older fathers, while higher ridge counts and narrow ridges 
would be expected in offspring of intermediate aged fathers. 
The effect of maternal and paternal age on birth 
weight appears to be much less pronounced than that for 
birth order. Thus , effects of parental age on ridge count 
or ridge width might be expected to be less pronounced than 
that of birth order . Birth order has been repeatedly shown 
to affect birth weight; thus, if fetal growth rate affects 
the number or width of ridges , it is most likely to be ob­
served in relation to birth order. 
Another approach to examining parental age and · birth 
order effects on . dermatoglyphic variation deals with fluctu­
ating asymmetry of dermal ridges . Dermatoglyphic asymmetry 
may be assumed to reflect environmental stress on the devel­
oping organism and the extent to which the fetus is buffered 
against disturbances during development . 
. Va�iation in the proportion of co�genital defects and 
chromosome abnormalities indicates that parental age and 
birth. order have s.o)'J\e effect on the ability of the offs pring 
to res ist distuvba,nces during development , Intermediate ma� 
te�nal age ma.y· he optimal , as indicated by a lower frequency 
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of defective offspring ; however, low maternal age also 
appears advantageous, while elevated maternal age produces 
increased risks for offspring . Xf dermatoglyphic asymmetry 
is affected by maternal age, greater asymmetry would be 
expected to occur in high risk age groups. One could expect 
either a linear trend of increasing asymmetry with advanc­
ing maternal age, or a parabolic relationship, with lowest 
asymmetry found at intermediate maternal ages . 
Paternal age also affects the viability of offspring, 
with increased frequency of defects and stillbirths occur­
ring at elevated paternal ages , There also appears to be a 
higher proportion of low birth weight infants born to very 
young and older fathers . Thus , both linear and parabolic 
relationships might be expected between dermatoglyphic 
asymmetry occurring as paternal age increases, or with ele­
vated levels of asymmetry in offspring of very young and 
oldev fathers , 
Birth order may also be expected to produce differ­
ences in dermat�glyphic asymmetry s ince, for example, an 
increasing frequency of spontaneous abortions has been ob­
served with increasing bivth order (Javert 1957),  and the 
proportion ot low birth we�ght (h�gh risk) infants is great­
est for fixist and late pr�gnanc;les (Chakraborty et al . 
1 975 } , Th�s � b!�th. order could be expected to reflect either 
a, linear increa.se in asy�et;t'y with advanci�g birth order, 
or a U-sh_aped dtstribution with the _ greatest magnitude of 
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asynunetry occurri�g in low and h�gh birth orders . 
A second obj ective of  this  research is to provide a 
quant itative description of a sample of Caucasian Americans. 
Much of the past research done in dermatoglyphics has been 
based on qualitative, rather than quantitative, analysis. It 
is hoped that the present study will make a significant 
contribution to the body of quantitative dermatoglyphic data 
which is available for future research. 
CHAPTER IV 
MATERIALS AND METHODS 
r ,  SOU�CE OF  DATA 
The present study was based on finger and palm prints 
of 460 Caucasian students enrolled in introductory physical 
anthropology classes at The University of Tennessee, 
Knoxville, during 1976-77 . Rolled prints were obtained 
using printer ' s  ink. At the same time the prints were made, 
each student filled out a questionnaire containing informa­
tion on the age of parents when the student was born and 
the student ' s  order of birth within his family. Parent's age 
was recorded in categories of five year intervals. Since the 
questionnaire was self�administered it is possible that some 
of the information obtained was inaccurate. However, there 
should not be enough errors to significantly affect the 
results of this study. The sample was .limited to American 
students whose parents were born within the continental 
United States. Some of the ridge count data was obtained 
through the courtesy of R. S. Webb (1977) ,  who used part of 
the sample in his research. 
:I:I , DE�MATOGLr\PHIC VAlU:ABLES 
Dermal ridges course across the fingers and palms in 
ap:p;r;,oximately pa;r;allel lines , conforming to the curvature of 
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various area,s, When three pariallel riidge systems come to-
gether , a deltoid�shaped st�ucture, o� triradius , is formed. 
Most individua.ls ha,ve tI"ira.dii located at the base of digits 
two ,  th�ee , four a,nd five (Figure 2) . These digital triradii 
are designated a ,  b, ' £, and d, a,nd they are located under 
· the index , · middle, ring and little finger , respectively. 
Another triradius is usually found at the base of the palm 
and is designated as the axial triradius , t. Occasionally , 
two or three axial triradii may be present (Holt 1968) . 
In the simplest classification of ridges on the fin­
gers and palms , patterns are designated as arches , loops or 
whorls , depending on the number of triradii present (Galton 
1892). The simplest pattern, the arch , has no triradius 
and is composed of . gently curving ridges . A loop has one 
triradius , and a whorl has two triradii. Loops on the fin­
gers are further classified by the direction they face . 
A radial loop opens to the radial side of the hand and an 
ulnar loop to the ulnar side (Holt 1968) . 
Quantitative measurements of dermatoglyphic features 
were obtained by counting the number of ridges between two 
points on the fingers and palms , The method of counting 
ridges on the fingers is  shown in Figure 3 ,  A whorl has two 
:riidge counts , taken fro� the co'.r'e of the pattern to each of 
its twa trir�dii , In ma,ny recent studies only the higher 
count ha,s been used so that a,n individual may be represented 










Figure 2 .  Derrnatoglyphic configurations of fingers 
and palms . 
RADIAL 
SIDE 
5 5  
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ARCH LOOP WHORL 
Figure 3. Ridge counts for basic pattern types. 
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loop has one count and an arch has a count of zero (Holt 
1968 ).  An alternative method uses two counts, radial and 
ulnar, for each digit. The ulnar count of an ulnar loop is 
scored zero, and similarly for a radial loop . In the case of 
an arch , both counts are scored zero. In this study all 20 
·counts were recorded . 
Quantitative measures of palmar traits included ridge 
counts between the interdigital triradii {a-b, b-c, and c-d) 
and counts for patterns in the interdigital areas , A measure 
of ridge breadth. ( in millimeters ) in the ·a-b interval was 
also obtained , The interd�gital ridge counts are obtained 
by counting the numbe� of  ridges which lie on a straight 
line between two adjacent interdigital triradii, excluding 
the triradii themselves, as shown in Figure 4. A problem 
arises when one of the triradii , usually £, is absent. 
Sometimes it is possible to identify a discontinuity in the 
area where the triradius should be, and this may be consid­
ered as a rudimentary triradius. In cases where this is 
not possible � an approximate locat ion of the triradius may 
be determined 11 ri�ges below the flexion crease of the fin­
ge� � which is the average location of the c triradius 
C:Baitsch and Schwa:t'zfischer 1959). Thus complete data sets 
may be obtained for each individual (Jantz n . d , ) .  
Xn the i.nte�d�gtt�l areas of the palm , patterns may 
be found which are mor,e. or les s analagous to those on the 




Figure 4. Ridge counts between interdigital triradii . 
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has been developed by Jantz (n , d , ) ,  When four triradii are 
present at the base  of  the fingers , a loop is always formed 
by the recurvature of  main line· D ;  C, or less frequently, B. 
Ridges in these patterns are counted by standard proceedures, 
i . e.,  by counting the number of ridges between the core of 
the pattern and its associated interdigital triradius, as 
may be seen in Figure 5, Patterns formed by the D main line 
have a radial orientation , patterns by the B line have an 
ulnar orientation , and those formed by the C line may have 
either a radial or an ulna;r:i O:r'ientation. Patterns may also 
occur as the result of recurvature of the A line or presence 
of accessory triradii in an interdigital area. Since the 
D-Radial C-Ulnar C-Radial 
r�guxie ·s . The· d and· c tnte�digttal tI'iradii and patterns 
xie.suftS,ng IroJil xiec�;r;,vature of  associated main 
l ;tnes on the left hand (adc3ipted from Jantz , n.d.). 
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majority of patterns are formed by recurvature of the C and 
� lines, Jantz recognizes three primary variables for the 
hand : U (l ) radial counts from. the· d triradius to the center 
of an associated pattern ;  (2 ) ulnar counts from the c tri­
radius to the center of the associated pattern; and ( 3 )  radi­
al counts from the· c triradius to the center of the associat­
ed pattern u (Jantz n.d. i 27) . Patterns in the second inter­
digital area form,ed by the � and (rarely) B lines may be 
grouped together as a fourth variable, and patterns formed 
by an accessory triradius in the fourth interdigital area· 
constitute a fifth variable . In the present study, these 
five ridge counts we�e recorded. 
Anothe� variable considered in this study is ridge 
width . This was estimated according to the method of Penrose 
and Loesch (1 9.6 7 )  , in which ridge width, W ,  is  obtained by 
adding together the a-b distances, D1 and Dr, on the left 
and right hands respectively, and dividing the sum by the 
ridge count numbers, c1 and er, with two added, since in 
ridge counting the triradii themselves are omitted: 
w- :::; -cl + er + 2 
When acces so�y a trirad�i we�e present, the count was made 
to the more radial triradius. The number of  ridges is 
independent o� �ge ; however , �s the body grows larger, the 
ridges· grow widet1 , Thus , comparisons of ridge breadth should 
be made on subjects of comparable age, as is  done in the 
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present study . 
In order to test the effect of parental age and parity 
on developmental stability, the data were analyzed with 
respect to bimanual asynunetry of various dermatoglyphic 
features , Fluctuati�g asymmetry for any dermatoglyphic varia­
ble in an individual was exp�essed as the absolute differ­
ence , d, between values for right CR) and left (L) hands: 
d ::; . 1 R - L I  
This value will include the directional component, if present. 
III . STATISTICAL PRO CEDURES 
All statistical procedures were performed using the 
Statistical Package for the Social Sciences (SPSS) (Nie et al. 
1975) on the IBM/360 computer at The University of Tennessee, 
Knoxville. The data were analyzed in six phases. The first 
phase was the computation of summary statistics (means, 
standard deviations) for each variable. 
The second phase involved an examination of the inter­
action of finger and palm ridge counts. Various researchers 
have shown that correlations exist between dermal traits on 
the hands of an individual , For example, Bonnevie (1924), 
Holt (19 5 1 ) , and Mavalwala (1 962} found that ridge counts on 
homologous fingers and adj acent fi�gers are more highly cor ­
�elated than th.<!> se on f;t,�gers further apart , Correlations 
have also bee·n nQted fo� various palmar traits (Mukherjee 
/ / 
1966, Loesch 1971, Mate 1975) , Thus, much of the variation 
in dermatoglyphic traits may be explained in fewer than 20 
finger ridge count s or 16 palm ridge counts . 
Factor analysis  is a statistical procedure which re­
duces a set of correlated variables to a new set of compos­
ite variables which are uncorrelated, and it has proven to 
be a useful tool in understanding the interaction of derma­
toglyphic traits (Knussman 1 967, 1969, Nance et al. 1 9 74, 
Roberts and Coope 19 75 , Chopra 1971, Jantz and Owsley 19 7 7, 
Oliveira 1975 ) , Factor analysis was used in the present 
study to ascertain the structure of the dermatoglyphic 
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traits and to reduce the set of correlated dermatoglyphic 
variables to a new set of uncorrelated variables. Factor 
analyses were carried out separately for finger ridge counts 
and for palm ridge counts within each sex. Unity was retained 
in th.e diagonal of the correlation matrix. A varimax rotation 
of factors was performed using the FACTOR subroutine of SPSS. 
Scores for 12  rotated factors from fingers and 11 rotated 
factors from palms were used in subsequent analyses in lieu 
of the original ridge count data. By retaining 12 finger and 
ll palm factors in the rotated solution, approximately 90 
percent of the total variance in the data was accounted for , 
while th.e number of dermatoglyphic variables was reduced by 
almost one hal;f , 
The thi.rd. phase involved factor analys is of parental 
age and birth order variables . As mentioned in the second 
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chapter � pa,te-rnal age � maternal �ge and birth orde'X' are 
correlated with each other , In order to remove the intercor­
relations between them, a principal component factor analysis 
was performed on the three variables using the FACTOR sub­
routine of SPSS  with unity retained in the diagonal of the 
correlation matrix ! Three original factors were rotated, 
thereby producing three new uncorrelated variables which 
correspond well with the original variables (paternal age, 
maternal age, and birth order) , 
In th.e fourth phase , dermatoglyphic factors were exam­
ined by regression analysis to determine the presence of 
relationships with the parental age and birth order factors . 
"In simple regression analysis , values· of the dependent 
variable are predicted f'l'.'om a linear function of the form, 
wherie Y. ' is the estimated value of the dependent variable I,  
B is a constant by which all values of the independent varia­
ble � are multiplied, and � is a constant which is added to 
each case , "' C.Ni.e· et al, 19  7 S :  3 2 3 L Dermatoglyphic factors 
were tested for a parabolic relationship with parental age 
and biirth O'X'der factoris by, addi�g the s quared X term to the 
r�gression equation , ! , e , , 
This test �as- performed using the stepwise REGRESSION 
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procedure o;f;' S:PSS , From th.ese tests , it could be dete:Pmined 
whether ridge counts incriease, decrease, or form a parabolic 
shaped curve as parental age and birth order increase. 
The fifth phase of analysis involved evaluation of the 
effects of pariental �ge and birth order on ridge width in 
the second interdigital area , Relationships were examined 
us ing the linear and quadriatic r� gression procedures j ust 
discussed. 
The s ixth phase of analysis was directed at the rela­
tionships between demnatoglyphic asymmetry, parental age, 
and birth order. Statistical procedures were similar to those 
used in evaluati�g the nature of ridge count variability, 
with the exception that raw asynunetry data were used instead 
of dermatoglyphic factor scores , Factor analysis was unneces­
sary, s ince examination of a correlation matrix based on 
asymmetry scores showed very low correlations between the 
variables, Linear and quadratic trends were tested in the 
manner previously discussed for ridge counts , i. e . , using 
the stepwise REGRESSION procedure of SPSS. 
CHAPTER V 
DESCRIPTION O f  THE SAMPLE POPULATION 
One of the obj ectives of this study is to provide a 
quantit ative description of a sample of Caucasian Americans. 
·:rn the following discus sion , sununary 1: statistics (means, 
. standard deviations ) for the sample are presented, and the 
structure of dermatoglyphic variation is examined as it is 
revealed by factor analyses of finger and palm ridge counts. 
In addition, results of the factor analysis of parental age 
and birth order are presented. 
I ,  SUMMARY STATISTICS 
Summary statistics for finger and palm ridge counts 
are presented in Table 1. They are in agreement with the 
findings of previous studies, in that males generally have 
higher !'inger ridge counts than females , Males have higher 
mean counts in 80 percent of the digital ridge counts (16 of 
20 ) , while females show higher mean values for radial counts 
on right digits two and three, and ulnar counts on left 
digits one and three. On the palms, females have higher mean 
counts than males on 7 5  pe�cent (12 of 16 ) of the variables; 
male counts axie h;Lgher1 ;eo;ri c�:riadial (CR) and· A patterns on 
the r�ght h�n<l and t0l?:' D�ra_d;Lal (DR) and DP"laccessory (DACC) 
patterns on the l,ef;t h.and , All of the interdigi tal ridge 
co�nts appear to be greater in females . These results are in 
6 5  
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Table 1. Mea.ns a.nd sta,nda,1:ld devtat�ons �07:9 digital and 
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general acc0x,d w-ith those of  Webb- (1 9 77 ). However , sex difT"\ 
ferences a:rie statistically· s�gnificant only for radial 
counts on the thumb and fifth finger of both hands and on 
the fourth finger of left hands . 
Summary statistics for asynunetry values are presented 
in Table 2 ;  rn the overall sa:mple, males appear to be gener­
ally more asymmetrical than females. Seven of the ten asym­
metry values for finger ridge counts (70 percent) are higher 
in males than in females, and six of eight values on the 
palms (7 5 �ercent) are higher in males. These differences do 
not �each statistical s ignificance, however . The highest 
asymmetry values in males occur on digits one and two, while 
in females, the highest levels of asymmetry are found on 
digits one, two and four. The fifth fing,=r in both sexes 
makes the least contribution to asymmetry. For each individ­
ual digit, the radial count usually has a higher mean asym­
metry value than the ulnar count, which would be expected 
from the higher frequency of ulnar loop patterns (which 
yield a radial count ) than either radial loops or whorls , 
thereby presenting more opportunities for asymmetry in the 
radial count to occur. 
On the palms the:rie is some variation between males 
and females with respect to relative magnitude of asymmetry . 
In males , asy11\met�y .values for interdigital ridge counts 
are hi.ghest �ox, ·c -d counts and lowest for· h�c counts. In 
females , the relative m�gnitude of asymmetr,y in the 
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Table 2. Means and standard deviations for asyrrunetry 
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2. 73 2. 27 . 78 
1. 38 3. 48 . 66 
3. 65 3. 69 1. 49 
3. 33 5. 31 . 2 8 
3. 20 3. 17 . 8 6 
2. 31 5. 20 , 42 
4. 30 4. 85 . 32 
4. 26 5. 77 . 02 
3. 92 3. 23 . s o 
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17. 80  8. 10 . 08 
14. 8 9  14. 21 , 35 
32. 69 17. 0 1  • 24 
4. 38 4. 48 . 51 
3. 44 3. 25 1. 77 
3. 25 3. 75 . 19 
2. 69 5. 19 . 8 0 
3. 6 5 5. 18 . 36 
3. 50 4. 36 . 42 
. 66 2. 54 . 48 
. 19 . 98 2. 69* 1: 
. 52 . 05 12. 8 3* 1; * 
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interdigital areas follows an increasing radio-ulnar gradi ­
ent : a""b is less than l:i-c, which is less than c�d . Asyrrunetry 
of pattern ridge counts, however, follows the same trend in 
both sexes . DACC and· A patterns have the lowest asynunetry 
values ,  which would be expected from their low frequency of 
occurrence on th.e palm. C,f th.e remaining pattern types, DR 
patterns show the lowest asymmetry values , and CU has the 
highest, with CR asymmetry intermediate in value . The 
variation between males and females does not reach statisti­
cal significance except for asymmetry of A patterns .  
Means and standard deviations for ridge width are also 
presented in Table 2 .  Ridge width is larger �n males, and 
the difference in ridge width between the sexes is highly 
significant , Finally , Table 3 presents the distribution of 
subjects in the various . . parental age and birth order catego­
ries. 
II .  DERMATOGLYPHIC FACTORS 
The dermatoglyphic data were submitted to factor anal­
ysis, fingers and palms separately. The first 12 finger 
factors accounted for approximately 90 percent of the vari­
ance in both males and females, and these were subjected to 
-varimax rotation , Eigenvalues , cumulative percent of vari­
ance, and rotated tactor loadi�gs from the analysis of digit� 
al data may be found in Tables 4 to 6 �  
The first eigenvalue is  higher in females (8.04 in 
Table 3. Number of subj ects in parental age and birth 
order categories. 
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Ma_les · . · rema1es 
Variable R· . . Percent R'. :Percent 
Paternal age : 
20 . 6 3 9 4 
21-25 50 23 63 26 
26-30 72 34 80 32 
31-35 49 23 60 24 
36-40 19 9 22 9 
41-45 12 6 8 3 
45 5 2 5 2 
Maternal age : 
2 0  2 3  11 30 12 
21-25 73 34 8 1  33  
26-30 69 32 74 30 
31-35 31 15 47 19 
36-40 13 6 11 4 
4 1-45 4 2 2 1 
45 ,:000. 2 
Birth Order : 
1 76 35 91 37 
2 76 35 69 28 
3 35 16 51 21 
4 14 7 20 8 
5 8 4 8 3 
6 1 1 6 2 
7 2 1 
8 2 1 
9 ... 
1 0  1 l 
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Table 4 ,  E�genyalues a,nd cU;mula,t �ve percent of  variance ;e'rom �a,ctor �a.lys i,s of �i�ger ri�ge count s , 
'l:1sles  [emales 
Eigen� Cum . Eigen� Cum , 
Factor Value rct ' Value :Pct ! 
l · 1 , 2 2  36 . 1  8 , 0 4  40 . 2  
2 1 . 72  44 , 7  1. 8 9  49 . 7  
3 1 , 6 6 53. 0  1 . 43 56 , 8  
4 1 . 2 9  59 . 5  1. 3 4  63 . 5  
5 1 , 2 3  65  . . 6 1. 0 3  68 . 6  
6 1 . 00 70 . 6  . 9 4 73. 4 
7 , 90 75 .1  . 71 76. 9 
8 . 67 78 . 5 . 63 80 . 1  
9. , 6 3 81. 6 . 55 8 2. 8  
1 0  , 6 0 8 4 . 6  , 50 8 5. 3 
ll . 53 87 . 3  , 44 87 . 6  
1 2  , 44 8 9 . . 5 , 42  8 9 . 7  
13  . 3 9 9 1. 4  . 36 91. 4 
14 , 3 4 9. 3 . 1  . 3 2 9 3 . 1  
15 � 3 3 94 , 8  . 30 9 4 . 6 
16  , 28 96 , 2  . 2 9 96. 0  
17 . 2 3 97. 3 . 2 4 97. 2 
18 . 1 9 98. 3 . 21 98 . 2 
19.  . 19 9 9 . 2 . 1 9 9 9 . 2  
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The percent of variance explained by each factor is given in parentheses. -i 
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females versus 7 .22 in males } , which may be inte:r'preted to 
mean that intercorrelations among the variables are higher 
in female s ,  This finding is consistent with the significant­
ly higher correlations between ridge counts obs erved by 
Jantz (1977 ) in female American Whites. This res ult was also 
·obtained by J'antz and Owsley- ,(19.7. 7 )  for Whites and Yoruba 
and by Roberts and Coope (19 75), although the latter do not 
conunent on it. 
When 12 factors are rotated, each factor usually 
includes a heavy loading on only one variable or on one 
pair of the same variable on left and right hands. Seven 
factors in males and six in females reflect the combined 
contributions of both hands in their most heavily loaded 
variable, and thes e factors make the greatest contributions 
to overall variance in the data . The remaining factors 
appear to differentiate differences betwe en hands, loading 
heavily on a variable of either the right or the left hand. 
Interpretation of the factors, therefore, is very straight­
forward , 
The first factor derived from male finger data reflects 
the radial counts on digits four and five of both hands. The 
s econd factor is we ighted on ulnar counts for the s econd 
digits , ractor three represents ulnar ridge counts on the 
two thu]I\bs , and facto;t' four is a :riadial count factor for the 
thumbs , Factor five i s  h.e av�lY' loaded on radial counts 
of both second d�gits , and the s ixth factor repres ents ulnar 
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counts on the two fourth d�gits. Factor seven is mainly a 
radial count factor for the third digits, but radial counts 
on d�git four are also emphasized. These first seven factors 
include an emphasis on all of the 20 finger ridge count 
variables with the exception of ulnar counts on digits three 
and five ; these latter variables are represented on individ­
ual hands by later factors. 
Each of  the last five finger factors in males empha­
sizes an ulnar count on one digit. Factors eight and nine 
load on the fifth digit, left and right hand respectively. 
Factors ten and 11 load on digit three, right and left 
res pectively, and the final factor represents the ulnar 
count on the r�ght thumb. 
In the analysis of dermatoglyphic data for fingers in 
females, four of the first five factors are comparable to 
the first four factors derived from the male s ample: the 
first factor in females represents radial ridge counts on 
digits four and five ; the second is a digit two ulnar count 
factor ; the third is a thumb ulnar count factor ; and the 
fifth represents radial counts on the thumb. These factors 
account for the contributions of d�gits on both hands, i.e., 
heavy loadi�gs are found in both hands for the va riable 
represented by the factor. Two other factors show the bilat­
eral effect of a variable: factors e�ght and 11. The 
eighth finger factor in females is stro�gly we�ghted on 
radial counts for the third and fourth fingers. It is 
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surprising that the fourth finger is involved here, since 
it also appears in conjunction with digit five on the first 
factor. Factor 11 represents ulnar counts . on the fourth 
finger of both hands. 
The remaini�g factors reflect the contribution of a 
single variable on either the right or left hand. Unlike 
the males, which reflected only ulnar counts on the unilat­
eral factors, both radial and ulnar counts are emphasized 
in the females. Factors s ix and 12 emphasize radial 
counts on digits two, right and left respectively. The 
fourth and tenth factors represent the ulnar count on digit 
five, left and right respectively, and factors seven and nine 
reflect the contribution of the ulnar count on the third 
finger, left and right respectively. 
A number of interesting observations emerge from the 
factor analysis of fi�ger ridge counts. Each raw variable 
is represented by a heavy loading on one factor, with the 
exception of radial counts on digits four of left and right 
hands in females, which are heavily loaded on two factors 
instead of only one. It is at once apparent that the factors 
are quite similar in the male and female analyses, the main 
difference bei�g the percent of variance accounted for by 
comparable factors . The other major difference is that radial 
counts on the second digit are broken up into different 
factors for right and left hands in females, while they are 
combined into one factor in males. The percent of variance 
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accounted for by  d�git two factors indicates that in females, 
radial counts on d�git two of the r�ght hand (factor six) 
makes a_ greater contribution to dermat�glyphic variation 
(6. 26 percent ) than those on the left hand (factor 12 ) 
(4 . 83 percent ),  while in males both are of more equal impor­
tance. Radial counts on the fourth and fifth digits appear 
to be interrelated, and together they account for a consider­
able proportion of variance in both males (14. 58  percent). 
and females (19. 4 8  percent ) .  
Because of the large number of factors used in the 
rotated solution, the factors obtained in this study do not 
conform closely to those of other studies which have used 
factor analysis of dermat�glyphic traits (Jantz and Owsley 
1977, Nance et al. 1974, Chopra 1971, Roberts and Coope 
1975, Knussman 1967, 1969, Oliveira 1975 ) .  These studies 
usually considered only those factors with eigenvalues equal 
to or greater than unity, which _ generally number about five 
or six factors. When fewer factors are considered, variables 
tend to be grouped , whereas in this study most factors 
represent ungrouped variables, or the grouping simply con­
sists of combining the same variable from r�ght and left 
hands. (A reasonable question arises as to which method, if 
either, more closely approximates biol�gical reality. 
However, the purpose fo� usi�g factor analysis in this study 
was to decorrelate and reduce the number of variables while 
retaining as much information as possible. By using a larger 
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number of factors, 9 0  percent of the variance has been re­
tained, yet the numbe� of variables has been reduced by 
almost half . )  
In several analyses - ·of : d�git al .ri�ge · counts. utilizing 
fewer factors , a pattern eme�ges in which digits two and 
three are grouped as one unit, digits four and five as a 
second unit, and the thumb as a third unit (Knussman 1967, 
1969, Jantz and Owsley. 1977, Roberts and Coope 1975 ) .  
Digit four is sometimes grouped with digit five (Jantz and 
Owsley 1977 ) ,  while at other times it is associated with the 
second and third digit (Roberts and Coope 1975, Nance et al. 
1974) .  In an analysis of 20 ridge counts, Jantz and Owsley 
(1977) found that the radial and · ulnar counts for a group 
of digits were weighted on different factors, e. g. ,  they 
found a 5-4-radial count factor and a 5-4-ulnar count 
factor in a sample of American Whites. Their study also 
showed that the groupings of digits were similar in American 
White, American Black, and African Black samples, although 
some evidence of sex and race variation was observed. 
In the present study, which utilized at least twice as 
many factors in the rotated solution, the grouping of radial 
counts on digits four and five still appears as an important 
unit in both male and female samples. This indicates that a 
h�gh correlation exists between the radial counts on digits 
four and five. The appearance of these two digits on a 
single factor even when a large number of factors 
are retained lends support to interpretation of the fourth 
and fifth d�gits as a functional or biological unit. 
In females , radial counts on digits three and four 
are also grouped t�gether ; in fact , the 3-4 -radial count 
factor accounts for the largest proportion of variance in 
finger ridge counts of the female sample (12. 78  percent). 
Perhaps what is significant about the _ grouping of digits in 
this and other studies is that adjacent fingers tend to 
vary together to a greater extent than do non-adjacent 
fingers , and that radial sides of adjacent digits are more 
highly correlated than are the radial and ulnar sides of 
a single digit . 
In regard to the latter observation , it should be 
noted that in the present study , each factor reflected 
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either radial or ulnar counts , but not both. Studies utiliz­
ing 20 ridge counts have revealed factors which appear to 
differentiate between radial and ulnar sides of the fingers 
( Roberts and Coope 1975 , Jantz and Owsley 197 7) , and Oliveira 
( 1975) observed radial-ulnar contrasts in her principal 
components analysis of pattern types. The radial-ulnar con­
trasts observed in these studies indicate that differences 
exist in the development of radial and ulnar sides of 
individual f�gers. Babler ( 1977 )  has recently observed a 
radial-ulnar gradient in the maturation of dermal ridges on 
the hands of human abortuses , with the thumb bei�g most 
advanced and the fifth digit being least matured. It is 
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possible that a maturation gradient also exists on individ­
ual digits . Since the formation of dermatoglyphic patterns 
is related to the timi�g of ri�ge proliferation and subsid­
ence of fetal pads on the finger tips , variation in ridge 
maturation or in timi�g of ri�ge differentiation between the 
�adial and ulnar sides of d�gits could produce differences 
in dermat�glyphic patterning which would be reflected in the 
separation of radial and ulnar counts on different factors. 
On the palms, retention of 11 factors preserved 
approximately 91 percent of the variance in males and in 
females, as may be seen in Table 7. Intercorrelations among 
palmar variables are approximately the same in both sexes, 
as can be seen in the percent of variance accounted for by 
the first eigenvalue (20. 3 percent in males, 20. 4 percent 
in females). Rotated factor matrices for males and females 
are presented in Tables 8 and 9. 
The palm factors in both s exes fall into three main 
categories: (1) those which identify individual interdigital 
ridge counts ; (2) those which identify individual pattern 
ridge counts ; and (3) those which draw contrasts between 
patterns in the third and fourth interdigital areas. 
In both sexes, each (bilateral) interdigital ridge 
count is represented by a single factor. The c-d count from 
both hands is  reflected on factor one in males and factor 
five in females. The b-c count loads heavily on factor five 
in males and factor three in females, and the a-b count is 
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Ta.ble 7 ' Eigenva.lues and cumulative percent of variance 
from facto;r,, analysis of palm ridge counts , 
M�le§ Fgmale� 
Eigen- Cum Eigen- Cum 
Factor Value Pct. Value Pct. 
1 3 . 2 5  2 0 . 3  3 . 2 7 2 0 . 4  
2 2 . 2 2 3 4 . 2  2 .11 3 3 . 6  
3 1 . 71 4 4 .8  1 .  84  4 5 . 1  
4 1 . 41 5 3 . 6  1 . 2 9  5 3 . 2  
5 1 . 1 9  61 . 1  1 . 2 3 6 0 . 9  
6 1 .  a 9. 6 7 . 9  1 . 08 6 7 . 7  
7 1 . 01 7 4 . 2  .88 7 3 . 2  
8 . 88 7 9 .  7 . 8 6  78 . 5  
9 . 84 84 . 9  . 7 7 83 . 3  
1 0  . 5 4 88 . 3  . 6 9 87 . 6  
11 . 51 91 . 5  . 5 3 91 . 0  
1 2  . 4 0 9 3 . 9  . 41 93 . 5  
13  . 2 9 9 5 .  8 . 3 6 95 . 8  
14 . 2 7 9 7 . 5  . 2 7 97 . 5  
1 5  . 2 5 99 . 0  . 2 4  99 . 0  
1 6  . 1 6 1 0 0 . 0  . 1 7  1 0 0 . 0  
Table 8 • Rot ated factor loadings for 
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represented by factor three in males and factor one in 
females . Interdigital ridge count factors account for the 
largest proportion of variance in the palmar data in both 
sexes . O f  the three factors , the b-c factor makes the largest 
contribution to total variance (11 . 77 percent in males, 
il . 25 percent in females), and the a-b factor contributes 
least (11. 01 percent in males, 11 . 11 percent in females) ; 
the c-d factor contributes 11. 07  percent to overall variance 
in males and 11. 18  percent in females . 
Using familial data, Pons (1964) presented evidence 
for genetic determination of a-b ridge count and suggested 
that it is controlled by a polymeric system with genes of 
additive effect. Results of a study by Pateria (1974) using 
familial correlations lend support to the concept of an 
additive genetic model for interdigital ridge counts, 
especially for the b-c or third interdigital area. The b-c 
ridge count has been found to be relatively uncorrelated with 
the a-b and c-d ridge counts, while a-b and c-d counts show 
significant positive correlations with each other . ( Knussman 
196 7, 1969, Mate 1975) . The third interdigital ridge count 
has been neglected in many studies, partly because the c 
triradius is often absent . However, the b-c factor makes the 
most important contribution to variance in the present study, 
and this area of the palm shows cons iderable independence 
and variability in both normals and abnormals ; thus, it mer­
its greater consideration in future research on palm dermato­
glyphics . 
The remaini�g palm factors emphasize ridge counts in 
pattern areas . D-accessory patterns are · broken down into 
contributions from the right hand (factor 11 in males, 
factor six in females) and the left hand (factor eight in 
both males and females) , as are A-type patterns in females 
(factor seven for left hand and factor 11 for right 
hand) . However, A-type patterns are combined into a single 
bilateral component (factor two) in males . 
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The remaining palmar actors relate to patterns in the 
third and fourth interdigital areas . For both sexes there 
exists one factor which contrasts C-ulnar (CU) versus 
C-radial (CR) ridge counts on the right hand ; in males this 
is the fourth factor, and in females it is the second . 
Also, for both sexes there is a factor which draws a con­
trast between D-radial (DR) versus CU and CR counts (factor 
six in males and factor four in females) . Thus, it would 
appear that on the right hands of males and females, patterns 
in the fourth interdigital area formed by recurvature of the 
D-line are distinct from those of the C-line. This would 
seem to j ustify the separate classification of CU and DR 
patterns, which in most other studies have been grouped 
along with D�accessory patterns under a si�gle category of 
fourth interdigital patterns. 
However, this_ grouping does not persist within the 
left hand . In males , . couf\tS.; for each pattern type are strong­
ly weighted on different factors : CU is emphasized on factor 
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seven, CR on factor nine, and DR on factor ten. In females, 
CR counts are reflected by factor ten . Factor nine in females 
draws a contrast between DR and CU counts, suggesting that 
grouping these variables t�gether is an acceptable procedure . 
Therefore, the distinction between fourth interdigital 
patterns formed by C-lines versus those formed by D-lines 
remains uncertain, since pattern _ groupings are inconsistent 
between hands and between sexes . 
As in the data for fi�gers, there is a great similarity 
in factors derived from the dermat�glyphic data for female 
and male palms . The major differences between the sexes lie 
in the importance of each variable's contribution to the 
overall variance within the data and in the interaction of 
pattern ridge counts on the palms . It is interesting that 
ridge counts for an interdigital area and patterns within 
that area do not appear on the same factor; for example, b-c 
and CR counts do not load heavily on the s ame factor . This 
would suggest that different mechanisms may be res ponsible 
for controlling the number of interdigital ridges and the 
size of interdigital patterns . 
Using a different method of counting ridges of palmar 
patterns , Glanville (1965) studied familial and twin cor­
relations for sununed pattern ri�ge counts on left and right 
hands in a sample of Americans of European desce·nt . Variation 
in this sununary trait appeared to be determined by additive 
genes, but an appreciable amount of variation of non-genetic 
origin was also observed. Racial differences in the magni­
tude of palmar patterns has been noted by Glanville and 
Poelking (1964 ) ,  who demonstrated that in American Black 
males , loops in the third and fourth interd�gital areas on 
both hands tend to be smaller than in American White males 
of European descent. The relative proportion of patterns 
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in these areas also differed markedly between the two groups. 
Such racial variation could have a genetic basis. Further 
study is needed to clarify the relative contributions of 
heredity and environment in determining variation of pattern 
size on the palms. 
III. PARENTAL AGE AND BIRTH ORDER FACTORS 
As previously discussed, parental age and birth order 
are correlated. In the present study, the correlation between 
maternal and paternal ages was 0. 8, between maternal age and 
birth order was 0. 5, and between paternal age and birth order 
was 0. 5. In order to remove the effect of these intercorre­
lations, paternal age , maternal age, and birth order data 
(for both sexes combined) were submitted to factor analysis ; 
the three or�ginal factors were subj ected to varimax rota­
tion. Eigenvalues and the rotated factor matrix are presented 
in Tables 10 and 11. 
By using a full component rotated solution, three new 
.= variables were obtained which ·are uncorrelated and to a 
great extent are representative of the three original 
Table 10. Eigenvalues and cumulative percent of variance 








• 5 8 
.17  
Cum . Pct. 
7 4-. • 8 
9 4-. 2 
100. 0 
Table 11. Rotated factor loadings for parental age and 
birth order data. 
Factor l* Factor 2 Factor 3 
( 3 4- . 81 )  ( 34 . 7 5 ) ( 3 0 . '44 ) 
Paternal age . 23 . 88 . 4-1 
Maternal age . 28 . 47 . 84 
Birth order . 9 6 . 2 0 . 2 2 
*Percent of variance explained by each factor is 
given in parentheses. 
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variables.  Factor one is a birth order factor, factor two 
is a paternal age factor, and factor three is a maternal age 
factor . The birth order factor makes . the la�gest contribu­
tion to overall variance ( 34 . 8 1  percent) . Parental ages con­
tribute very little to this · factor, making it a variable 
which is highly ·representative of birth order . The paternal 
age factor accounts for 34. 75 percent of the total variance, 
which is almost equal to the proportion of variance contrib­
uted by the birth order factor . Maternal age is represented 
on this factor also, but to a much les ser degree than pater­
nal age. Thus, this factor may be cons idered to represent 
paternal age, although some effect of maternal age is includ­
ed . The maternal age factor makes the least contribution 
to total variance ( 30 . 44 percent) ; although paternal age also 
contributes to this factor, its effect is small in comparison 
to that of maternal age ; thus, this factor may be considered 
to represent maternal age . Scores for these three factors 
were used in subsequent analyses in lieu of the original 
parental age and birth order data . 
CHAPTER VI 
PARENTAL AGE AND BIRTH ORDER EFFECTS 
ON RlDGE COUNTS 
This study revealed a number of significant effects 
of parental age and birth order on finger and palm ridge 
counts. In the followi�g sections, effects will be discussed 
first for maternal age, then for paternal age, and finally 
for birth order. 
When parental age and birth order were factor analyzed, 
approximately 60 unique factor scores were produced for each 
factor. Although these scores no longer correspond one-to-one 
with the original parental �ge and birth order categories, 
low scores may be interpreted to represent low parental ages 
or low birth order, and high scores represent high parental 
ages and high birth order. Tables 28 to 67 of the Appendix 
present surrunary statistics for each variable which is dis­
cussed in this and the following chapters. 
Parental age and birth order factor scores were not 
grouped for the regression analyses. However, in order 
to simplify graphic representations of the results, mean 
factor scores are arbitrarily divided into. groups with 
intervals of  1. 0. R�gression lines are . graphed using the 
midpoint of each . group of  factor scores. 
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. I • . MATERNAL AGE EFFE CTS 
Results of linear and quadratic regressions of the 
maternal age factor on dermatoglyphic factors are present­
ed in Tables 1 2  and 13. On fingers, maternal age effects 
involve digits four and five. In both males and females, 
ulnar counts on digit five (finger factors nine and ten 
respectively ) tend to increase as maternal age increases, 
as shown in Figures 6 and 7 .  Ulnar counts are derived 
from radial loops or whorl patterns ; thus, an increase 
in ulnar counts suggests that the size or frequency of 
radial loops or whorls on digit five increases as maternal 
age advances. 
In males, a maternal age effect is also observed 
for finger factor one , which represents radial counts 
on digits fou� and five. �egressions reveal both linear 
and quadratic relat ionships between these variables , as 
seen in Figure 8 .  The linear regression approaches 
statist ical significance (p �. 0 6 ) ,  while the quadratic 
regression is highly significant (p<. 0 1) . It appears 
that in male offspring , low radial counts on digits 
four and five are found at low maternal ages ; these 
tend to increase as maternal age increases up to the 
highest maternal age categories, at which point radial 
counts tend to decrease. Since radial counts are derived 
from ulna� loops or whorl patterns, maternal age appears 
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Table 12. Results of linear and quadratic regres s ions of maternal age factor 
on finger and palm factors ( males ) • 
Variable 
Due to linear 
Res idual 
Due to quadratic 
Res idual 
Reduction in S. S. 
dµe to quadratic 
Due to linear 
Res idual 
Due to quadratic 
Res idual 
Reduction in S. S .  
due to quadratic 





2 1 0  
1 
S. S. = Sum of Squares 
. . . . . . . . . .  -
Fl C s·-'+  ·Radia1· >· · · 
s .S .  M .S .  r 
3. 7 8  3. 7 8  3. 8 3 + 
2 0 8. 2 2 . 9 9 
10. 6 3  5 . 31 5. 5 '+ * *  
2 0 1. 3 8  . 9 6 
6. 8 '+  6 .  8 '+  7 . 1'+ * * 
P7 ( LC-Ulnar ) 
s .  s . .  R. s .  F 
. 81 . 81 . 81 
2 11. 2 0  1. 0 0  
7. 2 '+ 3. 6 2  3. 71*  
2 0 4. 7 6 . 9 8 
6. '+ '+  6. '+ '+  6. 5 7 *  
* *  p<. 01  + p<. 0 6  
M. S. = Mean Square 
F9  ( R S-Ulnar) 
S . S .  H . S .  F 
5. 10  5. 1 0  5. 2 0 *  
2 0 6. 9 1 . 9 8 
6. 10  3. 0 5  3. 11*  
2 0 5. 9 1  . 9 8 
1. 0 0  1. 0 0  1. 0 2  
<D 
I',.) 
Table 1 3 . Results of linear and quadratic regres sions of maternal age factor 
on finger and palm factors ( females ) .  
Fl O ( RS -Uln·ar ) Pl (a-b ) 
d . f . S . S .  M . S .  F S . S .  M . S .  F 
Due to linear 1 5 . 0 2 5 . 0 2 5 . 1 0 *  . 2 3 . 2 3 . 2 3 
Residual 2 4 5 2 4 0 . 99 . 98 2 4 5 . 7 7 1 . 0 0 
Due to quadratic 2 5 . 98 2 . 99 3 . 0 4 *  4 . 49 2 . 2 5 2 . 2 7 
Residual 2 4 4  2 4 0 . 0 2 . 98 2 41 . 51 . 99 
Reduction in S . S . 
due to quadratic 1 . 97 . 97 4 . 2 7 4 . 2 7 4 . 3 1 *  
-
* p< . 0 5 S . S . = Sum of Squares M . S . = Mean Square 
lO 
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Maternal A�e Factor Code alue -r-- < -1 . 5  
2 -1 . 5  to - . 5  
3 - . 5  to . 5  
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5 1 . 5 to 2 . 5 
6 > 2 .  5 
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MATERNAL AGE FACTOR GROUP 
Figure 6. Means (X ) and linear regression ( L ) of maternal 
age factor on finger factor 9 (Right 5-Ulnar ) 
in males , 
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FACTOR 10 0 
(RS-ULNAR) 
SCORE • 2 
Maternal A�e Factor Code alue --r < -1 . 0  
2 -1  . 0 to· -0 . 0 
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Figure 7. Means (X) and linear regression (L) of maternal 
age factor on finger factor 10 (Right 5 -Ulnar) 
in females. 
95 




FACTOR 1 0 
( 5R-4R) 
SCORE . 2 
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Code Value -r < -1. 5 
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3 -0. 5 to 0. 5 
4 0. 5 to 1. 5 
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6 > 2 . 5  
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Figure 8 .  Means (X ),  linear ( L ) and quadratic (Q ) 
regressions of maternal age factor on finger 
factor 1 ( S �Radial, 4-Radial ) in males. · 
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to affect the s ize or frequency of these pattern types 
on digits four and five in males, with highest values 
occurring in offs pri�g of intermediate aged mothers. 
Since the frequency of radial loops on fi�gers four and 
five of Caucasians is very low (Holt 1968), it is likely 
that the increase of ulnar ridge counts is produced by a 
higher frequency of whorls on digit five in females and 
on digits four and five in male children of older mothers. 
The decrease of radial counts on digits four and five in 
male offspring of older mothers may indicate that the 
ulnar side of whorls is reduced in size, while the radial 
side continues to increase . in number of ridges. 
On palms, the effect of maternal age differs in male 
and female offspring. In females, a-b ridge counts show a 
U -shaped distribution, with highest ridge counts found in 
low and high maternal age groups, and lower counts at 
intermediate maternal ages. These results are graphed in 
Figure 9. 
A U-shaped distribution for CU ridge counts on the 
left hand of males is also observed. Highest values for 
this trait are found at low and high maternal ages, with 
low values occurring at intermediate ages, as seen in 
Figure 10. This indicates that the size and/or frequency 
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Figure 9. Means (X ) and quadratic regression ( Q )  of maternal 










Maternal Age Factor 
Code Value 
---,:- < -1 . 5  
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Figure 10. Means C X) and quadratic regression ( Q )  of 
maternal age factor on palm factor 7 (Left 
C-Ulnar) in males. 
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IX. PATERNAL AGE EFFECTS 
Paternal age effects are expressed for several finger 
and palm variables. These are sununarized in Tables 14 
and 15. In males , ulnar counts on the thumbs (finger factor 
�hree) form a parabolic shaped curve when regressed with 
paternal age. From Figure 11 , it may be seen that low ulnar 
counts on the thumbs are found at low and high paternal 
ages, and high ulnar counts are observed in offspring 
of intermediate aged fathers. 
In females, ulnar counts on digit three of left 
hands (finger factor seven) are positively correlated with 
paternal age. Figure 12 shows that there is a linear in­
crease in ulnar counts as paternal age increases. Such a 
distribution could be produced by a high frequency of 
arches at low paternal ages , as well as by an increase in 
magnitude of ulnar counts per se as paternal age increases. 
For palm ridge counts in females , only one factor 
was affected by paternal age: b-c ridge count. As 
paternal age increases , the number or ridges in the third 
interdigital area decreases , as shown in Figure 13 . 
Although b�c count does not appear to -be affected by 
paternal age in male offspring , ri�ge counts in the other 
two interdigital areas do reveal s �gnificant paternal 
age effects . The ��d count (palm factor one) is . graphed 
Table 14. Results of linear and quadrat ic regressions of paternal age factor 
on finger and palm factors (males). 
Variable 
Due to linear 
Residual 
Due to quadratic 
Residual 
Reduct ion in S. S. 
due to quadratic 
Due to linear 
Residual 
Due to quadratic 
Residual 
Reduct ion iri S. S. 
due to quadratic 





2 1 0  
1 
. . . . . . 
S . S. = Sum of Squares 
F3  C l-Ulnar) 
S . S .  R. s .  F 
. o o . o o . o o 
2 1 2. 0 0  1. 0 0  
4. 77 2. 3 8  2. 41  
2 07. 2 4 . 9 9 
4. 76 4. 76 4. 8 3 *  
P 3  ( a-b)· 
s .S .  R. S .  F 
2. 3 5  2. 3 5  2. 36 
2 0 9. 65 . 9 9 
1 0. 2 9  5. 14  5. 3 5 * * 
2 01. 72 . 96 
7. 9 3  7. 9 3  8. 26* *  
* *  p<. 0 1  + p<. 06 
M . S . = Mean Square 
Pl ( c-d) 
S .S .  M . S .  r 
3. 77 3. 77 3. 0 2 + 
2 0 8. 2 3  . 9 9 
4. 11 2. 0 5  2. 07 
2 07. 9 0 . 9 9 
. 3 3 . 3 3 . 3 4 
PS  ( LD-acces sori )  
S . S .  R. S .  r 
2. 2 8  2. 2 8  2 . 3 0 
2 0 9. 72 . 9 9 
6. 9 3  3. 47 3. 5 5 *  
2 0 5. 07 . 9 8 




Table 1 5. Results of linear and quadratic regres sion of paternal age factor 
on finger and palm factors ( females) . 
F7 ( L3-Ulnar) · · P 3  ( b-c) 
Variable d. f. s .S .  R. s .  r S . S .  M . S . F 
Due to linear 1 6. 2 5  6. 2 5  6. 39 * 4. 9 5  4. 9 5  5. 0 3* 
Residual 2 4 5  2 39. 7 5  . 9 8 2 41 . 06 . 9 8 
Due to quadratic 2 6. 2 8  3. 14 3. 2 0 *  6 . 64 3. 32 3. 39 * 
Residual 2 44 2 39. 7 2  . 9 8 2 39. 36 . 9 8 
Reduction in S. S. 
due to quadratic 1 . 0 3  . 0 3  . 0 3  1 . 70 1 . 70 1. 7 3  
-
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Figure 11. Means (X) and quadratic · regression ( Q )  of 
paternal age factor on finger factor 3 
(1-Ulnar) in males. 
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Figure 12 . Means (X) and linear regres �ion (L) of paternal 
age factor on fi�ger factor 7 (Left 3-Ulnar) 
in females . 
. 4  
0 
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Figure 1 3. Means ( X ) and linear re gression ( L ) o f  paternal 
age factor on palm factor 3 ( b-c ) in females. 
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by paternal age factor in Figure 14. As paternal age 
increases , mean c-d ridge count increases linearly , with 
highest values in the highest paternal age groups . 
The data also indicate that a-b ridge counts (palm 
factor three) are highest in male offspring of inter­
mediate aged fathers , as shown in Figure is , while 
lowest a-b ridge counts are found in offspring of older 
fathers . 
In addition to the paternal age effects on inter­
digital area ridge counts , a U�shaped distribution of 
ridge counts of left D-accessory patterns is found in 
male offspring . As shown in Figure 16, highest values 
for this trait are found at low and high paternal ages . 
III . BIRTH ORDER EFFECTS 
Birth order appears to produce significant 
variation in ridge counts on both fingers and palms in 
females and on palms in males . Results of linear and 
quadratic regress ions are summarized in Tables 16 to 18 . 
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Although birth order does not appear to affect 
finger ridge counts in males , in females three finger 
ridge count factors show s ignificant trends as birth order 
increases ; these factors involve digits one, two , four 
and five , On the thumb (finger factor three) , ulnar 
counts are lowest in the lowest birth order categories ; 
they tend to increas� steadily through the intermediate 
. 4  L 
MEAN • 2 
PALM 





Paternal Age Factor 
Code Value 
---r- <- -1. s 
2 -1. 5 to -0. 5  
3 -0 . 5  to 0. 5 
4 0. 5 to 1. 5  
5 1. 5 to 2. 5 
6 > 2 .  5 
\ 
\ X 
Y= -. 10 +. 1 3 (X) 
r=. 1 3  







PATE RNAL AGE FACTOR GROUP 
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Figure 14. Means (X) and linear regression C L ) of paternal 





. 4  
FACTOR 3 '/ 
(a-b) 
SCORE • 8 
Y=. 13+ . 03(X)-. 13(X)2 
R=. 2 2  
1. 2 
1 2 3 4 5 6 
PATERNAL AGE FACTOR GROUP 
t��rrnal �a�u!actor Grfr?YP 
---r < -1 . 5  -,-
2 -1. 5  to -0. 5  62 
3 -0. 5 to 0 . 5 79 
4 0. 5 to 1 . 5  45 
5 1. 5 to 2. 5 14 
6 > 2 . 5  6 
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Figure 15 . Means (X) and quadratic regression ( Q ) of 
paternal age factor on palm factor 3 (a -b ) in 
males . 
. 8 
Y= �.10+.003 (X)+. 10(X)
2 




. 4  
FACTOR 8 
( LD-ACC ) 
SCORE . 2 
0 
1 2 3 4 5 6 





2 - 1. 5 
3 -0. 5  
4 0. 5 
5 1. 5 
6 
F�gure 16. 
< -1 . 5  --,-
to -0. 5  6 2  
to 0. 5 7 9  
to 1. 5 45 
to 2 . 5  14 
� 2. 5 6 
Means (X) and quadratic regression ( Q )  of 
paternal age factor on palm factor 8 (Left 
D-accessory) in males. 
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Table 16. Results from linear and quadratic regres s ions of birth order factor 
6n dermatoglyphic factors (males).  
P4  ( RC-Uln vs.  RC-Rad) 
Variable d . f . S. S .  M . S .  r 
Due to linear 1 . 2 4 . 2 4 . 2 4 
Res idual 2 1 1  2 11 . 76 1 . 00 
Due to quadratic 2 5. 07 2. 5 4  2 . 57 
Res idual 2 10 206 . 93 . 98 
Reduction in S. S. 
due to quadratic 1 4. 8 3  4. 8 3  4. 90 * 
-
* p< . 0 5  S. S. = Sum o f  Squares 
Pll ( RD-accessori > 
S . S .  M . S .  F 
6. 2 9  6. 29  6. 4 5 *  
2 0 5. 72 . 97 
8. 63 4. 31 4. 4 5 *  
2 0 3. 38  . 97 
2. 34 2 . 34 2 . 4 2 




Table 17. Results from linear and quadratic regre s s ions of birth order factor 
on finger factors (females ) .  
Variable 
Due to linear 
Res idual 
Due to quadratic 
Res idual 
Reduction in S. S .  
due to quadratic 
Due to linear 
Res idual 
Due to quadratic 
Res idual 
Reduction in S . S. 
due to quadratic 
* p < . 0 5  
d. f. 
1 
2 4 5  
2 
2 4 4  
1 
S. S. = Sum of Squares 
Fl ( 5 - 4  RadiaT)· .
. 
S . S .  M .  S • ·  F 
4. 00  4 . 0 0  4. 0 4 *  
2 4 2. 0 1 . 9 9 
4 . 1 8 2 . 09 2 . 10 
2 4 1. 8 2  . 99 
. 19 . 19 . 19 
F3  C l-Ulnar ) 
s .s .  M . S .  F 
3. 16 3. 17 3 . 20 
2 4.2. 8 3  . 9 9 
10 . 8 3 5 . 4 4 5 . 65 ** 
2 35. 1 2  . 96 
7. 71 7. 71 8. 0 1* *  
* *  p� . 01 
M . S . = Mean Square 
F2 ( 2 -Ulnar ) 
S . S .  M. S .  F 
1. 26  1 . 26 1. 2 6  
2 44 . 75 1 . 00 
4 . 41 2 . 20 2 . 2 2 
2 4 1 . 60 . 99 




Table 1 8. Results from linear and quadratic regressions of  birth order factor 
on palm factors 
Variable 
Due to linear 
Residual 
Due to quadratic 
Residual 
Reduction in S . S. 
due to quadratic 
Due to linear 
Residual 
Due to quadratic 
Residual 
Reduction in S. S .  
due t o  quadratic 
* p< . 0 5 
d. f. 
1 
2 4 5  
2 
2 4 4 
1 
S . S . = Sum of Squares 
( females ) .  
p1· c -a·-b ) · · · · · · 
S . S .  M . S .  F 
. 0 1 . 0 1 . 0 1 
2 46 . 0 0  1 . 0 0  
1 0. 4 8  5 . 2 4 5. 4 3* 
2 35. 5 2  . 97 
1 0 . 4 8 1 0 . 4 8 10. 8 6** 
P4  ( RD-Radial ) · 
S . S .  M.s .  F 
. o o . o o . o o 
2 46 . 0 0  1 . 0 0 
4 . 38 2 . 1 9 2. 2 1  
2 4 1 . 62 . 9 9 
4. 38  4. 38  4 . 4 2 *  
* *  p< . 0 1 
M . S . = Mean Square 
. . . . . .  
P 3  ( b-c ) 
S . S .  R. S .  r 
6 . 2 2  6 . 2 2  6 . 36* 
2 39. 78  . 9 8 
8 . 2 3 4. 12  4 . 2 2 * 
2 37. 77 . 97 
2. 01  2 . 01 2 . 06 
P 9  ( LD-Rad vs . LC�Uln ) 
S . S .  R.s .  F 
6 . 2 4  6. 24  6 . 38 * 
2 39 . 77 . 9 8 
1 0 . 0 9  5. 0 4  5. 2 1 * *  
2 35. 9 2  . 97 




birth orders , and finally decrease again in high birth 
order groups , as shown in Figure 17. 
Ulnar counts on digit two (finger factor two )  
of females also have a parabolic distribution in relation 
to birth order ; lowest values are found at the highest 
birth orders , and there is a slight elevation in ulnar 
counts in intermediate birth orders. The regression 
of birth order on ulnar counts for digit two is graphed 
in Figure 18 . In females there is also a linear decrease 
in radial counts on digits four and five (finger· factor 
one ) as birth order increases , as shown in . Figure 19 . 
. Birth order is  also associated with dermatoglyphic 
variation on the palms of both males and females. On 
male palms , a linear increase in the value of right 
D-accessory ridge counts ( palm factor 11 ) is associated 
with a rise in birth order. As may be seen in Figure 2 0 , 
mean ridge count for this variable is low in the 
highest birth order ; however , the sample size for this 
group is small (N= 3 ) , and means for the other birth order 
categories fit the linear regression quite well. 
Palm factor four in males , which is graphed in 
Figure 21 , revealed a parabolic shaped distribution in 
relation to birth order ; low values are found in high 
and low birth order groups . Factor four contrasts CU with 
CR counts on the right hand. A high score for this 
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Figure 17. Means (�) and quadratic regression ( Q )  of 
birth order factor on finger factor 3 
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Figure 18 . Means (X) and quadratic regression ( Q) of birth 
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Figure 19. Means (X) and linear regression (L) of birth 
order factor on finger· factor 1 ( 5-Radial , 
4-Radial ) in females. 
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Figure 20. Means (X) and lineari regression (L) of birth 
order factor on palm factor 11 (Right 
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Figure 2 1. Means (X) and quadratic regression (Q ) of  birth 
order factor on palm factor 4 (Right C-Ulnar 
versus Right C-Radial) in males. · 
patterns or an increased frequency of these patterns. 
A low score for this factor results from greater size 
or frequency of CU patterns. Mean scores for each birth 
order category suggest that the highest frequency or 
or largest size of CR patterns occurs in individuals of 
intermediate birth orders ; CU patterns are larger or 
more frequent than CR patterns at low and high birth 
orders on the right hands of males. 
Birth order appears to affect the palms of females 
to a greater extent than those of males. Four ridge 
count factors . reveal significant linear or U-shaped 
trends as birth order increases. As may be seen. in 
Figure 22, a-b ridge count (palm factor one) has a 
U-shaped distribution, with elevated counts ob�erved at 
low and high birth orders . A linear increase of ridge 
counts in the third interdigital area (palm factor 
three) occurs as birth order increases (Figure 23). 
High birth order, therefore, appears to be associated 
with the largest ridge counts for the second and third 
Lnterdigital areas of the palm in females. 
The two remaining factors which are. correlated 
with birth order involve ridge counts of palmar patterns. 
DR counts on the right hands of females have a U-shaped 
dist�ibution, which is presented in Figure 24. The 
intermediate birth order categories show the lowest 
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Figure 22. Means (X) and quadratic regression (Q) of birth 
order factor on palm factor 1 ( a-b ) in females . 
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Figure 23. Means (X) and linear regression (L) of birth 
order factor on palm factor 3 ( b-c ) in females .  
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Figure 24. Means (X) and quadratic regression ( Q )  of birth 
order factor on palm factor 4 (Right D-Radial) 
in females. 
birth order are associated with larger ridge counts . 
A s imilar tendency is found on the left hand of 
female? . Palm factor nine, which contrasts DR with CU 
ridge counts on the left hand, exhibits a s ignificant 
fit to both linear and quadratic regress ion lines, as 
shown in Figure 25. Mean scores for this factor suggest 
that the largest s ize or frequency of DR patterns 
occurs in the highest birth orders, though they may be 
slightly elevated at low birth order. Although this 
trend is not as marked as it is on the right hand, the 
two hands are nonetheless s imilar. Regress ions of 
birth order on palm factor nine also suggest that the 
greatest size or frequency of CU patterns on left hands 
of females occurs at low birth orders, and it decreases 
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Figure 25. Means (X), linear regression (L) and quadratic 
regression ( Q )  of · birth order factor on palm 
factor 9 (Left D-Radial versus Left C-Ulnar) 
in females. 
CHAPTER VII 
PARENTAL AGE AND BIRTH ORDER EFFECTS 
ON RIDGE WIDTH 
The data do not support the hypothesis that either 
paternal age or maternal age affects the width of ridges in 
the second interdigital area. However, birth order does pro­
duce a parabolic shaped distribution of ridge width. In 
females the quadratic regression of the birth order factor on 
ridge width causes a significant reduction in the sum of 
squares, while in males it approaches significance. Results 
of regressions on ridge width may be found in Table 19 . ·  
Regression lines and mean ridge width for each birth 
order factor group are presented in Figures 26 and 27. As may 
be seen in these figures, ridges in the second interdigital 
area tend to increase in width as birth order increases. This 
trend continues until the highest birth order factor group, 
in which ridge width decreases sharply in both males and 
females. It appears from the data that the most narrow 
ridges occur in individuals of very high birth order. Primo­
geniture also appears to be associated with narrow ridges, 
although they are not as narrow as those in the very high 
birth order_ group. Intermediate birth order seems to be 
associated with increased ridge width in both sexes. 
12 5 
Table 19 . Results from linear and quadratic regressions of birth order factor 
on ridge width . 
Males Females 
Variable d . f . S . S .  M . S .  F . d .  f .  S . S  . M. S .  
- -�·· �F 
Due to linear 1 . 0 0 0  . 0 0 0  . 0 5 1 . 0 0 3  . 0 0 3  1 . 61 
Residual 2 11 . 574 . 0 0 3  2 4 5  . 499 . 0 0 2  
Due to quadratic 2 . 0 0 8  . 0 0 4  1 . 4 8 2 . 01 0  . 0 0 5  2 . 5 3 
Residual 2 1 0  . 567 . 0 0 3  2 4 4  . 492 . 0 0 2  
Reduction in S . S .  
due to quadratic 1 . 0 07 . 0 07 2 . 93 1 . 0 07 . 0 07 3. 4 5 *  
-
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Figure 26. Means (X) and quadratic regression (Q) of birth 
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Figure 2 7. Means (X ) and quadratic regression (Q) of birth 
order factor on ridge width in males. 
CHAPTER VIII 
PARENTAL AGE AND BIRTH ORDER EFFECTS 
· ON ASYMMETRY 
All th�ee variables unde� consideration--maternal 
age, pate�nal age, -and birth order�-appear to have an 
effect upon the mag�itude of dermatoglyphic asymmetry. 
In the following sections , significant results will 
be �resented from regress ion analyses of the relationships 
between dermatoglyphic asymmetry and each of these 
variables, 
I ,  MATERNAL AGE EFFECTS 
In -male offspring, increasing age of the mother 
appears to produce a linear increase in bimanual asymmetry 
of finger ridge counts � Results of linear and quadratic 
regress ions of the maternal age factor on asymmetry in 
males are presented in Table· 20 . Maternal age effects 
on dig ital asymm,etry in males seems to be more pronounced 
for ulnar than for radial counts , since two of the three 
s i,gnificant asym etry variables reflect ulnar counts 
cs �ulnar � summed ulnar counts) , and the third variable 
incorporates ulnar ridge counts (total asymmetry). 
Regressions of maternal age on these three variables 
are graphed in Figures 28 to 30. An increasing trend 
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Table 20 . Results of linear a�d quadratic regres s ions of maternal age factor on 
asymmetry (males· ) .  
Variable 
Due to linear 
Res idual 
Due to quadratic 
Res idual 
Reduction in S . S .  
due to quadratic 
Due to linear 
Res idual 
Due to quadrat'ic 
Res idual 
Reduction in S . S . 
due to quadrat ic 
* p < . 0 5 






S . S . = Sum of Squares 
S . S .  
1 5 4 . 0 9 
4 , 0 2 1 . 35 
1 6 3 . 60  
4 , 0 11 . 8 3  
9 . 5 2 
s .s .  
2 , 0 5 6 . 6 8 
7 2 , 2 90 . 50 
2 , 1 50 . 38 
72 , 1 9 6 . 80 
9 3 . 70 
. . . . . . 
. . . . � . . . . 
5-Ulnar . . . . .  
R. s .  F 
1 5 4 . 0 9 8 . '0 9 * *  
1 9 . 0 6 
8 1 . 80  4 . 2 8 *  
1 9 . 10 
9 . 5 2 . s o 
TotaT · · · · · · · · · 
H. s. - r  
2 , 0 5 6 . 6 8 6 . 00 *  
34 2 . 6 1 
1 , 0 7 5 . 1 9 3. 1 3* 
34 3 . 7 9  
9 3 . 70 . 2 7 
* *  p< • 0 1  
M . S . = Mean Square 
. . . . .  
s . s. 
1 , 0 5 1 . 9 5 
4 6 , 6 2 9. 7 5  
1 , 1 31 . 70 
4 6 , 5 50 . 00 
7 9 . 7 5 
s . s· .  
2 6 . 80 
6 , 20 7 . 1 2 
1 5 8 . 37 
6 , 0 7 5. 5 5  
1 31 . 5 7 
. . . . . . . 
Ulnar 
M . S .  
2 20 . 9 9 
5 6 5 . 8 5 
2 2 1 . 6 7 
7 9 . 7 5 
C-Ulnar 
R. s .  
2 6 . 80 
2 9 . 4 2 
7 9. 1 8 
2 8 . 9 3 
1 31 . 5 7 
F 
4 . 7 6 *  
2 . 5 5 
. 3 6 
F 
. 9 1 
2 . 7 4 
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Figure 28. Means (X) and linear regression (L) of maternal 
age facto!' on 5-Ulnar asymmetry in males. 
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Figure 29 . Means (X ) and linear regression ( L )  of maternal 
age factor on total asynunetry of ulnar counts 
in males. 
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Maternal Age Factor 
Code Value 
---r- � -1 . s  
2 -1. 5  to -0. 5 
3 -0 . 5  to 0. 5 
4 0. 5 to 1. 5 
5 1. 5 to 2. 5 
6 > 2 . 5 
L 
Y=. 3_ 3 • 9 + 3 • 1 C X )  
r= • 1 7 
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Figure 30 . Means C X) and linear regres sion C L ) of maternal 
age factor on total finger ridge count asymmetry 
in males. 
in level of asymmetry as maternal age increases is 
clearly shown by the linear r�gressions, and it is likely 
that ulnar asymmetry on digit five makes a large contri­
bution to the summary variables, since it is significant 
when considered separately . Examination of mean asymmetry 
values for these three variables indicates that asymmetry 
in males is also slightly elevated at very young maternal 
ages, and that there may be a tendency for low asymmetry 
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at very high maternal ages. However, the very small sample 
size in the highest maternal age group (N=3) makes the · 
latter observation somewhat tenuous . On male palms, a 
U-shaped distribution of, asymmetry for CU r.idge counts 
is observed . As shown in Figure 31, asymmetry is high 
at low and high maternal ages, while it is reduced at 
intermediate maternal ages . 
Thus, in male offspring, ridge count asymmetry 
appears to be lowest at intermediate maternal ages . It is 
elevated at advanced maternal ages, and it is somewhat 
higher in offspring of very young mothers . In general ,  the 
data indicate that advancing maternal age produces an 
increase of finger and palm asynunetry in male offspring . 
However, the maternal �ge effect is  quite different 
in female· offspri�g . Only one variable, ulnar counts on · 
digit two, shows a significant maternal �ge effect . 
Results of the regression of maternal age on this variable 
C-ULNAR 
ASYMMETRY 





Maternal Age Factor 
Code Value 
---r- < -1 . S  
2 -1 . 5  to -0. 5 
3 -0. 5 to 0. 5 
4 0 . 5 to 1. 5 
5 1. 5 to 2. 5 
6 > 2 .  5 
2 Y��. 3-. 4 (X)+. 5 (X) 








\ ' ' 
\ 
'x 
1 2 3 4 5 6 
Groups 
N --ro 
6 0  
80 
4 8  
12 
3 
MATERNAL AGE FACTOR GROUP 
Figure 3 1 . Means C X) and quadrat ic regression ( Q )  o f  
maternal �ge factor o n  C-Ulnar asymmetry in 
males . 
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are presented in Table 21 , and the regression line and 
means are graphed in Figure 32  . .  As may be seen from the 
graph, asynunetry tends to increase through intermediate 
maternal ages, then shows a decreasing trend in the 
higher maternal age groups. Ulnar asymmetry on digit 
two in females, therefore, appears to be low in female 
offspring of very young and older mothers. 
!I. PATERNAL AGE EFFECTS 
ferhaps the most surprising result of this analysis 
is the large number of paternal age effects found in 
male offspring , Eight variables in males and one in 
females indicate a s�gnificant paternal age effect on 
dermatoglyphic asymmetry. These are summarized in 
Tables 2 2  to 2 5 ,  
In males, asynunetry of ulnar ridge counts on 
1 36 
digits one and two has a significant parabolic distribution. 
Asymmetry is lowest in offspring of young fathers ; it 
tends to increase sharply through intermediate paternal 
ages , then begins to decrease at the highest paternal 
ages, as seen in Figures 33 and 34. Asymmetry or radial 
counts on digit four is low until the advanced paternal 
ages, when it tends to increase markedly (Figure 35) .  
I'n addition to these variables, the three summed 
asyrronetry values for fingers�-ulnar, radial, and total-­
reflect significant differences in males in relationship 
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Table 21 ,  Reiults of linear �nd quadr�t ic regressions 
ot' m.ate!('na,l · �ge · · ;fa.ct or · on · asynunetry (female s )  I 
Variable . . . . . . . .  'd . ·f '  
Due to linear 1 
Res idual 245 
Due to quadratic 2 
R,esidual 244 
:Reduction in s ' s '  
due to quad:r;atic l 
* *  p< , 01 
S . S . = Sum of Squares 
M. S ,  = Mean Squarie 
s· .s- . · 
16.01 
8 ,179. 89 




R.s . F 
16.01 .4 8 
33.39 
8 9 . 7 6 2.73 
32.85 








Maternal Age F·actor 
Code Value --r- < -1 . 0  
2 -1. 0 to 0. 0 
3 0.0 to 1. 0 
4 1. 0 to 2. 0  
5 > 2. 0  
Y=4. 8+. 02 (X)-. 5 (X)2 
R=. 15  
1 2 3 4 5 
Q 








Figure 32. Means (X) and quadratic regression (Q) of 
maternal age factor on 2-Ulnar asyrrunetry 
in females. 
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Table 2 2. Res ults of linear and quadratic regres sions of paternal �ge factor on 
individual finger asymmetry ( males ) • 
Variable 
Due to linear 
Residual 
Due to quadratic 
Residual 
Reduction in S . S .  
due to quadratic 
Due to linear 
Residual 
Due to quadratic 
Residual 
Reduction in S . S . 
due to quadratic 
* p < . 0 5  






S. S . = Sum of Squares 
s .s .  
35. 36 
2 , 152 . 56 
66 . 7 7 
2 , 1 2 1 . 14  
31 . 4 2 
S.S. 
53 . 58 
9 , 2 67. 16 
266 . 41  
9 , 054 . 32 
2 1 2 . 8 4 
. . . . . . . . . 
. . .  . 
4-RadiaT · · · · · · · 
H.s. · r  
35. 36 3 . 4 7  
1 0 . 2 0 
33. 39 3. 30 * 
10 . 1 0 
31. 4 2  3 . 11*  
l'-Ulna·r· · · · · · · · 
H. S .  F 
53 . 58 1. 2 2  
4 3 . 9 2  
1 3 3 . 2 1  3 . 0 9 *  
4 3 . 1 2  
2 12 . 8 4 4 . 9 4 * *  
* *  p� . 0 1 
M . S . = Mean Square 
s .s .  
4 4. 67 
6 , 0 96 . 4 3  
1 8 7. 56 
5 , 9 53 . 53 
14 2 . 9 0 
. . . . . . . .  
2 -Ulnar 
R.s .  
4 4 . 67 
2 8. 8 9  
9 3 . 7 8  
2 8 . 35 
1 4 2 . 9 0 
F 
1. 54 
3. 31 * 




Table 2 3 .  Results of linear and quadratic regres sions of paternal age factor on 
summed finger asymmetry (males ) .  
Variable 
Due to linear 
Residual 
Due to quadratic 
Residual 
Reduction in S . S .  
due to quadratic 
Due to linear 
Residual 
Due to quadratic 
Residual 
Reduction in S . S .  
due to quadratic 
* p < . 0 5 






. . . . . . . 
. . . . . .  
s . ·s .  
3 5 4 . 79 
14 , 886 . 49 
3 59 . 65 
14 , 88 1 . 63 
4 . 86 
s.  s . ·  
2 , 20 4 . 0 2 
72 , 14 3 . 16 
2 , 80 2 . 60 
71 , 5 4 4 . 58 
598 . 58 
. . . . . . . . . . . . . . . . . 
RadiaT · · · · · · · · 
M . S· .  ·r . 
3 5 4 . 79 5 . 0 3 *  
70 . 5 5 
179 . 8 2  2 . 5 3 
70 . 86 
4 . 86  . 07 
Total 
H.s.  F 
2 , 20 4 . 0 2 6 . 4 5 *  
3 41 . 30 
1 , 4 0 1 . 30  4 . 11 *  
3 40 . 69 
598 . 58 1 . 76 
S . S .  
790 . 2 4 
46 , 8 91 . 46 
1 , 501. 51  
46 , 180 . 19 
711 . 27 
S . S . = Sum of Squares M. S . = Mean Square 
. . . . . . . . . . . . . . .  
· Uln·ar· · · 
M.s. F 
790 . 2 4 3 . 56 
2 2 2 . 2 3 
750 . 75 3 . 41 *  
219 . 91 




Table 2 4 .  Results of linear and quadratic regres s ions of paternal age factor on 
palm asymmetry (males ) .  
c-d· 
. . . . . . . . .  · b-·c· 
. .  
Var: able d . f . S . S . R. S .  F S . S .  R. S .  F 
Due to linear 1 2 2 . 1 6 2 2 . 1 6 1 . 6 4 2 9 . 9 0 2 9 . 9 0 4 . 5 9 *  
Res idual 211 2 , 8 5 1 . 14 1 3 . 5 1 1 , 3 7 4 . 7 2 6 . 5 2 
Due to quadratic 2 9 7 . 5 6  4 8 . 7 8 3 . 6 9 ;'; 3 0 . 2 4  1 5 . 1 2 2 . 3 1 
Res idual 210  2 , 7 7 5 . 7 3  1 3 . 2 2 1 , 3 7 4 . 3 8 6 . 5 4 
Reduction in S . S .  
due to quadratic 1 7 5 . 41 7 5 . 4 1 5 . 7 1 * *  . 3 4 . 3 4 . 0 5 
* p -£ . 0 5  * *  p� . 0 1 





!able 25. Reaults o� l.i.nedi� dind qua,d;r;,atic regressions 
. . . . . . . of . pate�na.1 . a,ge . . fa,ctor" - - on . .  asymmetr,y (females). 
· -v a:riable . 'd. f. 
Due to linear l 
Res idual 245 
Due to quadratic 2 
Res j.dual 244 
Reduction in S . S .  
due to qua,dra,tic l 
e/; p < , 0 5 
S ,  S ,  ;:: S_um of Squares 
M . S.�Mean Square 
1 -Radial 
s .  s .  M. S .  F 
48 " 26 48.26 4. 70* 
2, 513. 28 10.26 
52 . 84 26.42 2. 57 
2 , 508.70 10. 28 
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Code · Value ---r- < -1. 5 
2 -1. 5 to -0 . 5  
3 -0. 5  to 0 . 5  
4 0. 5 to 1 . 5  
5 1. 5 to 2. 5 
6 > 2. 5 
Y=5. 2 + 1. 2 (X ) -. 7 (X ) 2 
R=. 17 
1 2 3 4 5 6 







Figure 3 3. Means ( X) and quadratic regression ( Q )  o f  
paternal age factor on 1-Ulnar asyrrunetry 
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Figure 34 . Means (X) and quadratic regression ( Q )  of 

















< -1 . 5 
-1.5 to -0.5 
-0.5 to 0.5 
0.5 to 1.5 
1.5 to 2 .5 
> 2 .5 
�/ 






1 2 3 4 5 6 









Figure 35. Means (X) and quadratic regression (Q) of 
paternal age factor on 4-Radial asymmetry in 
males. 
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to paternal age. The distribution of summed ulnar 
asymmetry on the digits is similar to that for digits 
one and two ; lowest asynunetry is observed in offspring 
of very young fathers. It increases markedly through 
the intermediate paternal ages, then seems to level 
off or decrease slightly (Figure 3 6) .  
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Summed radial asymmetry in males shows a significant 
linear increase with low values of asymmetry in offspring 
of young fathers and highest values in children of 
older fathers (Figure 37) .  The radial and ulnar 
asymmetry components combined reveal a significant linear 
increase in �otal asynunetry as father ' s  age increases. 
Lowest total asymmetry is observed in offspring of very 
young fathers, and the greatest asymmetry is found in 
offspring of the older fathers, as seen in Figure 38 . 
On palms of males , paternal age affects asymmetry 
in the third and fourth interdigital areas. Figure 39 
shows that asymmetry of b-c ridge count decreases 
linearly as paternal age increases , with lowest asymmetry 
occurring in the offspring of the oldest fathers. 
Asymmetry of c-d counts also shows a tendency to decrease. 
As shown in Figure 40 , the highest asymmetry for c-d 
counts is observed at young paternal ages ; a slight 
increase in asymmetry occurs at high paternal ages , but 
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Figure 36. Means (X) and quadratic regression ( Q ) of 
paternal age factor on total asynunetry of 
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Figure 3 7. Means ( �) and linear regres s ion ( L ) of paternal 
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Figure 38 . Means (X) and linear regression C L) of paternal 
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Y=3. 0-. 4 (X) 
r=-. 15 
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Figure 39. Means (X) and linear regres sion ( L ) of paternal 
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Code Value -r " < -1 . S  
2 -1. 5 to -0. 5 
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Y= 3. 7- . 7 (X)+. 4 (X)2 
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Figure 40. Means (X) and quadratic regression ( Q ) of 
paternal age factor on c-d asynunetry in males. 
In females, only one variable shows a s�gnificant 
paternal age effect : radial c?unts on the thumb. F�gure 
41 shows that as father ' s  age increases, asynunetry of 
radial counts on the thumb decreases linearly in female 
offspring. 
III. BIRTH ORDER EFFE CTS 
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The effects of birth order on dermatoglyphic asymmetry 
are reflected on the palms of males and females rather than 
on the fingers. Significant results of regression analyses 
are presented in Tables 26 and 27. 
In females, two pattern areas show a linear increase 
in asymmetry as birth order increases : CR and DR patterns. 
These are _ graphed in Figures 42 and 43. An opposite trend 
is observed in the fourth interdigital ridge count ; c-d 
asymmetry tends to decrease linearly in females as birth 
order increases, although mean asymmetry values suggest 
that level of asymmetry is somewhat elevated in the highest 
birth order groups, as shown in Figure 44. 
In males, CU asymmetry shows a birth order effect, as 
may be seen in F�gure 45. The distribution of CU asynunetry 
is U-shaped, with h�ghest asyrn,metry found in very low 
and high birth orders, and low asymmetry observed in inter­
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Figure 41. Means ( X) and linear regression ( L) of paternal 
age factor on 1-Radial · asymmetry in females . 
Table 2 6 , Results ot line�� and quadratic regress ions 
. . . of - - t>i
.









'd . ·f • · . . . .
. s· .s- . 
l 8 . 34 
211 6, 2 2 5 , 57 
2 2 76 . 03 
2 10 5, 9.57 , 89. 
Reduction in S , S , 
due to quadx,atic 1 2 6 7 , 6 8 
. . . . . . . � . . . . . . . . . . . . . 
**  p < . 0 1  
S . S , = Sum of Squares 
M , S, = Mean Square 
C,-.Ulnar 
M. s .  
8 . 34 
2 9 . 5 1  
138 . 01 
2 8 . 3 7  
267. 68 
F 
. 2 8  
4. 86* �� 
9 .44 **  
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Table 2 7. Results of linear and quadratic regres sions of birth order factor on 
asymmetry ( females ) .  
Variable 
Due to linear 
Residual 
Due to quadratic 
Residual 
Reduction in S . S .  
due to quadratic 
Due to linear 
Residual 
Due to quadratic 
Residual 
Reduction in S. S. 
due to quadratic 
* p� . 0 5  




2 4 4  
1 
S. S. = Sum of Squares 
s .  s· . 
9 8 . 41 
4 , 8 4 1 . 5 7 
1 2 7. 1 8  
4 , 8 1 2. 8 0  
2 8 . 7 7 
s .s· . 
1 6 2. 9 9  
4 , 5 0 4. 7 6  
16 3 . 14 
4 , 5 0 4. 61  
. 1 5 
c-d· · · · · · · · · · 
. . . . .  
· · 'D-RadiaT 
R. s .  ·r S .s .  R.s .  F 
98 . 41 4 . 9 8 *  1 9 2 . 2 6 1 9 2. 2 6  7. 3 1 * *  
1 9. 7 6  6 , 4 4 0. 3 5  2 6. 2 9 
6 3. 5 9 3. 2 2 *  2 2 0 . 6 7 110. 3 4  4. 2 0 * 
19 . 7 2 6 , 411. 9 4  2 6. 2 8 
2 8 . 7 7 1. 4 6  2 8. 4 1 2 8. 41 1. 0 8  
C-Radial 
M.s. r · 
1 6 2. 9 9  8. 8 6 * *  
1 8 . 39 
8 1. 5 7  4 . 4 2 *  
1 8 . 4 6 
. 1 5 . 01 
* *  p�. 01 
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Birth Order Factor Grou�s Code Value ---r < -0 . S 
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Figure 42 . Means (X) and linear regression (L ) of birth 
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Figure 43. Means (X ) and linear regression (L) of birth 
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Figure 44. Means (X) and linear regression (L) of birth 
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F�gure 45. Means (X) and quadratic regression (Q) of birth 
order factor on C�Ulnar asymmetry in males. 
CHAPTER IX 
DISCUSSION 
This study has revealed a large number of dermato­
glyphic variables which are affected by parental age and 
birth order. Both linear and parabolic trends have been ob­
served in the data, as was expected from the existence of 
similar distributions in relation to congenital defects, 
stillbirths, twinning rates, and other variables. In this 
chapter, the results will be discussed as they relate to 
rates of fetal _ growth and differences in the degree of devel­
opmental canalisation as it is reflected in dermatoglyphic 
asymmetry. 
In the obj ectives chapter, it was suggested that low 
birth we�ght is indicative of a slow fetal growth rate and 
vice versa. Evidence from sex chromosome aneuploidies indi­
cates that a slow rate of fetal growth is associated with re­
duced ridge counts and increased ridge breadth in the a-b 
area . Based on the n�gative correlation between maternal age 
and birth weight, and upon evidence that cleavage rates in 
fertilized �ggs _ of older mothers is slower, it was suggested 
that as maternal age increases, ridge count decreases and 
ridge . . width: .. increases. This hypothesis is not supported by 
the data from this study. In actuality, the exactly 
opposite trend emerges . In both males and females, 
1 6 0 
ulnar ridge counts on digit five show a linear increase 
with advancing maternal age. In males , radial counts 
on digits four and five increase until the high 
maternal age categories , then tend to decrease . On 
palms , a U-shaped distribution of ridge counts occurs , 
with the highest ridge counts observed at low and high 
maternal ages for a-b ridge count on both hands of 
females and for CU patterns on left hands of males . No 
effect of maternal age was found for ridge width in 
the a-b area . 
161 
Based on the above evidence, it appears that ridge 
counts tend to be higher in offspring of older mothers 
and of very young mothers . The correlation between ma­
ternal age and birth weight is slight ( r= - . 0 4 ) , although 
s�gnificant ( Karn and Penrose 1951 ) , Thus, it is 
possible that slower fetal growth rate (as measured 
by birth weight ) does not appear to be of enough 
magnitude to affect ri�ge counts or ridge breadth in 
offspring of older mothers . Another possible exp lanation 
of the results is that slower growth rates in offspring 
of older mothers increase rather .- . than decrease ridge 
count , rf this were true , then the reduced ridge counts 
observed in individuals with sex chromosome anomalies 
might be due to the effect of . the aneuploidies rather 
th.an to the rate of fetal growth per se . However, 
ridge counts on the palm, are elevated at low maternal 
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age, creating a more complex situation. It should be 
noted that throughout .this study, the effects on fingers 
and palms are not necessarily similar in direction or 
magnitude . Since fi�gers and palms develop at different 
times, some variation could be expected due to differ­
ential timing and fluctuations in the uterine environment. 
The independence of various areas on fingers and palms 
also becomes apparent when effects of paternal age and 
birth order are examined. This lends support to the 
study of individual areas of dermal configurations, 
as opposed to merely summing ridge counts from various 
areas, as has often been done in dermatoglyphic 
research. 
Maternal age effects on finger dermatoglyphics 
involve the fourth and fifth digits, and especially 
the fifth digit in both sexes. The fifth finger 
is often implicated in the appearance of unusual 
dermatoglyphic traits in individuals with chromosome 
disorders. For example, a single flexion crease is 
frequently found on the fifth finger in individuals 
with trisomies 18  and 21. Also, individuals with 
trisomies 13, 18, and 21 tend to show a displacement of 
radial loops from the second to the fifth digit. The 
occurrence of radial loops on digit five in normal Cauca­
sian populations is extremely low; thus, an increase 
in ulnar counts on right hands of males and females 
observed in our data is probably due to an increased 
frequency of whorls . Frequency of whorls on the fifth 
digit also tends to be low in comparison to other 
digits, so an increased proportion of whorls in high 
risk maternal age grop.ps would be somewhat unusual 
(Holt 1 968) .  
The increase of CU ridge counts on left hands 
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of males at low and high maternal ages is also 
interesting, since different pattern frequencies in this 
interdigital area are noted for various anomalies. 
An elevated frequency of patterns in interdigital area 
four is found in patients with Turner ' s  syndrome, 
Wolf-Hirschorn syndrome (deletion of the short arm of 
chromosome 4) (Schaumann and Alter 1976) and early-onset 
diabetes mellitus (Verbov 1973) . Decreased frequencies 
in the fourth interdigital area are usually associated 
with trisomy 13, 1 8  and 21 . (Trisomies 13 and 21 
tend to show increased frequencies in the third 
interdigital area . )  (Schaumann and Alter 1976) . 
One obj ective of this study was to examine the 
effect of maternal age on dermatoglyphic asymmetry. 
It was suggested that increased levels of asymmetry 
would be observed in offspring of high risk mothers, 
namely mothers of advanced and very young maternal ages. 
The data from males support this hypothesis; a linear 
increase in asymmetry is observed for ulnar counts on 
digit five, summed ulnar counts, and total asymmetry on 
the digits ; a U-shaped distribution occurs for CU 
ridge counts on the palm, with higher asymmetry at 
very young and advanced maternal ages. These results 
accord well with the suggestion that increased levels 
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of intrauterine stress and/or a decrease in developmental 
canalization are found in offspring of high risk mothers. 
The data for females yield different results, 
however . A significant maternal age effect was observed 
for asymmetry of ulnar counts on digit two, with lowest 
levels of asymmetry found in female offspring of very 
young and older mothers. Highest levels of asymmetry 
were observed at intermediate maternal ages . According 
to the proposed hypothesis, this would indicate that 
female children of intermediate aged mothers are less 
well canalised or are subjected to increased environmental 
stress . It seems unlikely that the uterine environment 
at intermediate ages would be less stressful than at the 
beginning or end of the reproductive cycle ; thus, the 
differences in asymmetry in females may be due to 
differences in the capacity of the offspring to resist 
disturbances of development. However, the mechanism 
which would produce better canalisation in female 
offspring of young and older mothers is unclear . 
A surprisingly large number of paternal age 
effects were observed in the data . Under the assumption 
that rate of fetal growth affects number and width of 
dermal ridges, it was suggested that lower ridge counts 
and wider ridges would be expected in offspring of very 
young and older fathers, since the proportion of low 
birth weight infants is greater for these . fathers. 
Several ridge count variables reveal a significant 
paternal age effect. Two of these lend support to the 
proposed hypothesis: ulnar counts on the thumb and a-b 
ridge count are lowest in male offspring of very young 
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and of older fathers, and they are elevated at intermediate 
paternal ages. However, the remaining variables do not 
fit the model. The c�d count in males and · ulnar counts on 
left digit three in females increase linearly as paternal 
age increases ; D-accessory pattern counts on left palms 
of m�les show elevated values at low and high paternal 
ages ; and b�c count on female palms decreases linearly 
as paternal age increases. Such variability in the 
expression of paternal age effects makes interpretation 
unli,kely in terms of fetal growth rates. In addition, 
ridge .width in the· a�b area does not seem to be affected 
by paternal age. 
As in the case with maternal age, the fourth 
interdigital area in males is involved in paternal 
age effects. Increas ing father ' s  age is associated with 
a linear increase in c-d ri�ge count, a trait which 
appears to be influenced by additive . genes (Pateria 
1974). D-accessory ri�ge counts of left hands show 
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a U-shaped distribution with increasing paternal age. 
Bansal and Rife (1962) suggested that a single dominant 
gene is responsible for the presence of accessory patterns 
on the second and fourth interdigital areas, but this 
was not confirmed by Loesch (1971). As mentioned in 
the discussion of maternal age effects, pattern frequen­
cies in the fourth interdigital area vary with several 
syndromes. Thus, increased activity in this area in 
relation to paternal age may be indicative of variation 
in developmental processes which are age-related and 
which influence the expression of the dermatoglyphic 
. genotype. 
On female palms, b-c ridge count decreases 
linearly as paternal age increases. This trait has a 
strong hereditary component; Pateria (1974) has 
suggested an additive genetic model for the b-c ridge 
count. Population or clinical studies utilizing the 
b-c ridge count are few, probably due to the relatively 
high frequency of an absent c triradius, which makes 
ri�ge counti�g more complicated. However, Mate (197 5) 
noted a significantly higher b·-c ridge ·count on the 
right hand of cerebrally damaged males than in normal con­
trols. Variations occur in pattern frequencies in this area 
of the palm in association with several abnormal 
conditions, as previously mentioned. Therefore, the 
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third interdigital area may warrant greater consideration 
in future studies of dermatoglyphic variation. 
Although paternal age effects.on ridge counts 
are difficult to interpret, the effect of father's age 
on dermatoglyphic asymmetry is much more consistent among 
variables. Based on the increase in · congenital defects 
in offspring of older fathers and the age-related 
changes in the ·male gonads, it was suggested that 
increasing paternal age would produce increased levels 
of dermatoglyphic asymmetry. The data indicate that 
paternal age effects on asyrrunetry are more pronounced 
in male offspring than in females ; eight variables in 
males and one in females show significant paternal age 
effects. 
As father ' s  age increases, dermatoglyphic asymmetry 
on fingers of male offspring shows a tendency to increase. 
Ulnar asynunetry on digits one and two and the summed 
ulnar asymmetry from all digits tend to increase 
until the highest paternal age groups , where they begin 
to decrease ; however, asymmetry in the highest paternal 
ages is still greater than at very low paternal ages. 
Radial asymmetry on digit four fits a parabolic curve 
very well ; lowest asynunetry values occur at low and 
intermediate paternal ages, and there is a marked increase 
of asymmetry in the highest father ' s  age groups. 
Summed radial asymmetry in male offspring increases 
linearly with . advancing paternal age . Thus ,  ridge 
count asymmetry appears to be elevated in male offspring 
of older fathers , though there may exist a tendency 
for the magnitude of asymmetry to level off or decrease 
at advanced ages. These results are in accord with the 
proposed hypothesis, and they indicate that aging in 
fathers can produce greater stres s on the gamete or 
result in . les s  well-canalised off spring. 
However, on the palms of males and on female 
thumbs,  a different trend .is ob served . In the b-c area 
of males , low paternal age appears to be as sociated with 
greater asynunetry than advanced age. In the c-d area, 
asymmetry . is highest at low paternal ages , but 
it also shows an increase at advanced· paternal ages. 
Differences in asymmetry between fingers and palms 
indicate that the control mechanisms for these two 
general areas respond differently to developmental 
disturbances . Correlations between patterns on fingers 
and palms are low . (Loesch 1971) ,  and the timing of ridge 
differentiation is different between digits and palms ,  
with ridges on fingers forming at an earlier stage of 
development than those on palms (Holt 1968 ) .  Therefore, 
dermatoglyphic differences between fingers and palms 
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are not totally unexpected. Our data suggest that the higher 
risk for developmental disturbances on male fingers 
occurs at intermediate or high paternal ages, while 
for palms young paternal ages create greater asymmetry. 
Radial asymmetry on female thumbs is also observed 
to decrease linearly as father ' s  age increases. It may 
be remembered that ulnar counts on digit two in females 
showed highest levels of asymmetry at low and high 
maternal ages ; this finding in conj unction with a 
decreasing level of asymmetry on digit one ( radial) in 
females as paternal age increases underlines the 
differences between males and females in their response 
to developmental stress, or in the degree of stress to 
which they are subj ected, as age of parents increases. 
Decreased asymmetry in female fingers at advanced 
parental age could indicate that females tend to become 
better canalised as the age of parents increases ; it 
might also indicate that selective pressures on female 
fetuses increase as parental age increases, so that only 
the well -canalised offspring survive. Pertinent in 
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this regard is the decrease in secondary sex ratio which 
has been observed with advancing parental ages (Takahashi 
1954 , Novitski and Sandler 1956) . Since the number of 
males decreases in proportion to females at advanced 
parental ages , it is possible that either intrauterine _ 
selection against male fetuses increases or se lection 
against females decreases , thereby producing a more 
equal sex ratio . A decrease in sex .ratio could also be 
caused by different�al selection against X- and Y-
bearing sperm before fertilization . In either case, it 
appears unlikely that greater selective pressures 
occur on females than on males with advancing parental 
age ; thus, the decrease in dermatoglyphic asymmetry 
observed in females is possibly due to an increase in 
their ability to withstand developmental disturbances, 
i . e . ,  better canalisation . In this study, females tend 
to be less asymmetrical ,  in general , than males, as 
evidenced by lower asymmetry on more areas of the 
fingers and· palms, and they seem to be less affected 
than males by advancing age of parents . Males appear ·to 
be less well  canalised than females ; as · suggested by 
increased dermatoglyphi� asyrnmetry and higher frequency 
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of some birth defects, such as cleft lip , (palate) (Fraser 
and Calnan 1961) . A rise in level of asymmetry and a 
reduction of the secondary sex ratio indicate that stresses 
on males may be higher in older parents than in younger 
ones . 
While maternal age and paternal age affect male 
offspring to a greater extent than females, birth order 
influences more dermatoglyphic variables in females than 
in males. Birth order is associated with variations in 
birth weight , which led to the suggestion that dermato­
glyphic variation could be expected to show either linear 
or parabolic trends as birth order increases . Based on 
assumptions about fetal_ growth ·rates, it was suggested 
that a linear relationship �ght reflect a tendency 
for ridge counts to increase as birth order increases, 
while a parabolic distribution could show elevated 
ridge counts at intermediate birth orders. Such trends 
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are observed in the data in relation to several variables . 
Ridge counts increase linearly for D-accessory patterns 
on right hands of males and for b-c counts in females. 
Ulnar counts on digits one and two in females are highest 
at intermediate birth orders and are decreased at low 
and high birth orders. These results accord well with 
the proposed hypothesis that a slow rate of fetal 
growth reduces the ridge count. 
However, radial counts on digits four and five of 
females decrease linearly as birth order increases . 
Thus, it seems that digits one and two respond differently 
to birth order effects than digits four and five. The 
radial and ulnar sides of the hand have been observed 
to show contrasts in factor analyses of fi�ger ridge 
counts (Roberts and Coope 1975) and pattern types (Oliveira 
19 7 5),  and there appears to be a radio-ulnar . gradient 
in the maturation of dermal ri�ges, with the thumb 
bei�g most advanced and the fifth finger the least 
matured (Babler 197 7) .  Thus, the different birth order 
effects observed on radial and ulnar digits in females 
may reflect differences in control mechanisms for these 
general areas of the hand. 
Birth order also affects the frequency of ridge 
counts in palmar interdigital areas. In males, the 
frequency of CU ridge counts is highest in both hands 
at low and high birth orders . At intermediate birth 
orders in males, the C-line tends to form a CR rather 
than a CU pattern. In females, DR ridge counts tend to 
be greater at low and high birth orders , and in 
intermediate birth orders a pattern in the fourth 
interdigital area on left hands has an increased 
tendency to be formed by the C-line rather than by the 
D -line . Results for males and females are not strictly 
comparable , since the dermatolgyphic factors involved 
do not reflect the same variables . However , it can be 
noted that the curvature of C and D mainlines in both 
males and females appear to be affected by birth order. 
Interdigital ridge counts in the a-b area of 
females also reveal a birth order effect, with highest 
ridge counts observed at low and high birth orders. 
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This result is in disagreement with the proposed hypothesis 
that slow fetal growth produces lower ridge counts. In 
addition , ridge width in the a-b area in females also 
shows a significant parabolic distribution , with the 
widest ridges occurring at intermediate birth orders , 
and narrow ridges found at low and high birth orders. 
Although it does not reach statistical significance, the 
distribution of ridge width ip males is similar . These 
results indicate that slow fetal growth is associated 
with higher ridge counts and more narrow ridges in the 
a-b area rather than vice versa. In females, a-b ridge 
count also has a U-shaped distribution with respect 
to maternal age, while the exact opposite trend occurs 
in males in relation to paternal age. Thus, the relation­
ship of ridge width to fetal growth rate remains 
uncertain. 
Since the effect of birth order on the proportion 
of low birth weight infants is more pronounced than that 
of either maternal or paternal age, the results of the 
analysis of birth order effects on ridge width in the 
a-b area may be more representative of biological 
reality, at least for females. Perhaps the effect, if 
any, of fetal growth rates on the formation of dermal 
ridges could be better understood by means of an 
embryological approach, rather than from postnatal 
examination of the epidermal ridges. 
Effects of birth order on dermatoglyphic asymmetry 
are also observed in this study . As in the case for 
ridge counts , more effects are noted for females than 
for males . Increasing birth order was expected to cause 
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a linear increase in asynunetry or a U-shaped distribution, 
since the frequency of stillbirths and abnormalities 
have similar distributions. No effects of birth order 
were observed for finger dermatoglyphics. On palms, 
the distribution of pattern asymmetry was in accord with 
the proposed hypothesis. In males, asymmetry of CU 
counts is elevated at low and high birth orders ; CR 
and DR counts on female palms reveal a linear increase 
in asymmetry as birth order increases. The only 
variable which does not conform to the proposed 
model is c-d count in females, which decreases linearly 
with advancing birth order. This variable also tends to 
decrease with advancing paternal age, although it is 
somewhat elevated at the high ages. Apparently c-d 
count is a relatively stable variable in higher risk 
female offspring. 
Several observations may be made concerning the 
results of this study as a whole. The relationship 
between fetal growth rate and dermatoglyphic variation 
remains unclear. Ridge width in the a-b area does not 
appear to be affected by parental age, but wider ridges 
are more common in individuals of intermediate birth 
order , indicating that a faster rate of growth may 
produce wider ridges . Ridge count data from different 
areas of the fingers and palms vary considerably in 
their distribution , and thus they permit no consistent 
conclusions regarding the effect of fetal growth rates 
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on ridge counts. 
In general, dermatoglyphic asymmetry is increased 
in individuals from high risk categories, which include 
offspring of older parents and those in low and high 
birth orders . Intermediate parental age and birth 
order appear to be optimal in terms of developmental 
stability. Effects of parental age are more pronounced 
in males, while birth order produces greater variation 
in females . 
The data ve-veal differences in asynun,etry between 
sexes and among the various digital and palmar areas , 
A surprising tendency for asymmetry to decrease in 
females was observed !n relation to increasing parental 
age . It appears that the mechanisms which control the 
developmental stability of bilateral dermatoglyphic 
structures operate differently on different parts . of 
the hand and in members of opposite sexes . A recent 
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study by Webb (1977 ) on correlations between dermatoglyphic 
and dental · asymmetry revealed that males and females 
infrequently produced the same set of correlated asymmetry 
values . Webb suggested that the variation between males 
and females in the expression of asymmetry serves as 
strong evidence for sexual differences in developmental 
stability � 
In addition, asymmetry varies along population lines, 
suggesting a genetic rather than environmental basis 
for such variation. Jantz . (19 7 5) observed that African 
Blacks (D�gon, Bedik-Bassari, Pygmy) and American Blacks 
have lower asymmetry levels than Whites. He also found 
that in most of the Black ·samples the females exceeded 
males in asymmetry, while the reverse was true amo�g 
Easter Islanders, English, and American Whites. These 
observations, combined with the results of the present 
study, could indicate that . genetic factors may be more 
important than environmental effects in the variable 
expression of bilateral asymmetry. 
Summary 
This study makes several important contributions 
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to knowledge about dermatoglyphic variation in American 
Caucasians. Through factor analysis of ridge count data, 
three relationships between dermatoglyphic variables are 
pointed out. First, there appears to be an interaction 
between radial counts on the fourth and fifth fingers. 
These two digits have been found to vary together in other 
studies which used fewer factors (Jantz and Owsley 1977, 
Roberts and Coope 1975, Knussman 1967, 1969). Thus, the 
fact that the fourth and fifth fingers continue to vary 
jointly when more than twice as many factors are retained 
lends support to the idea that they form a distinct func­
tional or biological unit. 
Second, factor analysis of the palms indicates that 
independent mechanisms may be responsible for the 
development of interdigital . ridge counts and interdigital 
pattern size . Moreover, pattern size seems to function 
independently on right and left hands, whereas ridge 
counts for each interdigital area are more closely 
correlated between hands . 
A third relationship is hinted at by factor 
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analysis of palm ridge counts, i. e ., the independent 
development of DR and CU patterns . However, this 
relationship does not follow a consistent pattern between 
hands or between sexes . It is a good subject for a future 
study in which factor analysis of the palmar dermatoglyphics 
of different populations are compared, thereby helping 
to clarify the relationship between patterns formed by 
recurvature of the C�line and those formed by the D-line . 
This study revealed a number of significant 
pa�ental age and birth order effects on dermatoglyphic 
variation . Effects on ri�ge count vary considerably 
between sexes and between fingers and palms, but several 
areas tend to be affected more often than others ; these 
include the interdigital ridge counts, pattern ridge 
counts in the fourth interdigital area, ulnar counts on 
digits one and two � - and ... on. the . . fourth and. fifth digits 
(acti�g as . a unit ) . . ' Dermat�glyphic . asymmetry . tends to be 
increased on fingers of individuals in high risk categories ; 
intermediate parental ages and intermediate birth orders 
appear to be optimal in terms of developmental stability 
of finger ridge counts . A surprising tendency for 
asymmetry to decrease was observed on male palms 
with advancing birth order and on female digits with 
increasing parental ages. Ridge width in the a-b 
area of the palm was found to be greatest in both males 
and females of intermediate birth orders . 
In order to understand the significance of 
dermatoglyphic variation, much more information is 
needed about the morphogenesis and growth of dermal 
ridges, as well as about the genetic mechanisms which 
control their development. This study has pointed out 
several characteristics of dermatoglyphic variation which 
may in future research prove to be valuable components 
in identifying relevant biological relationships . As 
our knowledge about this extremely variable human trait 
increases, dermatoglyphics will become an increasingly 
useful tool in defining and explaining the processes 
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Table 30 . Summary statistics for finger factor 
paternal �ge factor codes ·  (females). 
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Table 31. Summary statistics for palm tactor 3 
paternal �ge factor codes (females) . 
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Table 3 2 .  Summary statistics 
birth order factor 
for finger factor 
codes ( females ) . 
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Table 3 3 .  Summary statistics 
birth order factor 
for finger factor 
codes (females). 
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Table 34. Summary statistics for finger factor 3 
by birth order factor codes (females ) .  
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Table 35. Summary statistics 
birth order factor 
for palm factor l 
codes (females ) .  
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Table 36. Surrunary statistics for palm factor 3 by 
birth order factor codes ( females ) .  
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Table 37. Summary statistics for palm factor 4 by 
birth orde� factor codes (females ) .  
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Table 3 8 . Summary stat istics 
birth order factor 
for palm factor 9 
codes ( females ) .  
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Table 39. Surrunary statistics for finger factor 1 by 
maternal age factor codes (males ) . 
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Table 4 0 . Surrunary statistics for finger factor 
maternal age factor codes (males ) .  
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Table 41. Summary ·statistics for palm factor 7 by 
maternal age factor codes (males). 
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Table 42 . Sununary statistics for finger factor 
paternal age factor codes (males ) . 
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Table 43. Sununary statistics for palm factor 1 by 
paternal age factor codes ( males ) .  
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Table 44. Summary statistics for pal m  factor 3 by 
paternal age factor codes (males) . 
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Table 45. Summary statistics for palm factor 8 by · 
paternal age factor codes ( males ) .  
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Table 46. Surrunary statistics 
birth order factor 
for palm factor 
codes (males) . 
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Table 47 . Summary statistics for palm factor 11 by 
birth order factor codes (males) . 
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Table 48. Summary statistics 
order factor codes 
for ridge width by birth 
(females ).  
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Table 49. Summary statistics 
order factor codes 
for ridge width by birth 
(males ) .  
CO"! VAI.U! I.UH. SU" "''" STC O!Y su .. !J, SQ .. 
•Z.:1 1411 
-1.  11"'10 
-, .•  ,u. 
-1 .u,01 
• l  .Z!lllt7"." 
- 1 . 2!1145 
- l . 1 ,,..,  
-1.o,z14 
•O.t4914 




•0 . 6]411, Z 
-o. wz , z  
-o. 53621 
-0. 441'U l 
-0. 41 2 99 







•0 . 08627 
0.0161'! 
o.o'J1'PZ 
0 . 1 1 97? 
o. uoo .. 










0 . 11 297 
., . 479l9 
0.91 '• 1  
0.91621  
0. 9U60 
l o019l9  
1.u,.., 
1 . 2 2 5"0 
1 .2 .. 222 
1 . 3 6''JO 
1. i.1 n z  
l o S3'S'53 
t . �7 U l  
1 .675 ' 1  
1 . 3451 '  
1 .... , 1 5  
?oCll46 
Z . 29471 
2 . 0 t,77 
! . 00696 
J.U:3'11 
, • .,,uJ 
"'"'"'" �·""·' ,.�, .. 
o .o3l3 O .U33 
0.5133 0 . 5 133 
o . nn 0 . 5 3 7 5  
1.2699  0 .6344 
o. ,aoz o. 5 802 
a.nu 0 . ' 1 1 1  
3 .J U 6  a . sue 
, . 101 o. 5 7•4 
1 . 1 21' 0 . 5601 
1 .on• o . 5470 
9 . 3 ,o z  o . ,  ... 
1.z,u o . u , e  
10 .531 1 o. sa, 1 
0 . 7143 o .  7 1 43 
1.a,19  0 . 6 1 73 
,.10,a 0 . 5''1 
z.1,z1 0 . 5 706' 
z .,.,.n o . ,  .... 
1 .0 749 o. nn 
0 . ,-1 0 . ,  .. 1 
o . u u  o.uu 
•••• 1 .  0 .6031 
o .s 54z " · "'"2 
T.UJZ o. ,,.,  
1 .2,zo 0 .6460 
0 . 5190 0 . 5190 
1 .0372 o . 5741 
o . s2oa o . s zoa 
o.,,., o.uu 
7 • 722• o. , • .,.o 
o ..... o ...... 
o .,.,., ,  0 . 5 45' 
1 . uu o.se,a 
1 .. 7432 o . ,au 
1.2••• o.ssoo 
o .,.,... 0 . 6C49 
o ., u 1  o. , u 1  
4. U•Z o . , ,o, 
0 . 9919 o . , n a  
,. n•• 0.6366 
0.6ZU 0.62 16 
1 .1276 0.6092 
O.HS3 o.u,1 
0 . ,  .. 2 o. se•z 
1.zu• 0 .6J•! 
o . 5 50 5  0 . 5 '0 5  
0 . 6066 o.•o•• 
o . ,  • .,.. o.s,u 
0., ... 1 0.,..,.1 
o . sa•i o.se•1 
2.2•1• o. ,.o, 
o.'"' o . ,  •• , 
o . , 16 7  o . 5 167  
0 . , .2 1  0 . 5 9 Z t  
1 .2,1 .. o . u 1• 
l . Ul4 o . s nT 
1 .ono o.n 10 
o .,.,, o.,n, 
o •• ,.. o.•1•• 
o.,, •• o . ,, •• 
o . ,2n o. sz .n 
o . szn l> . '227 
u•.nn 0. ,113 
o . o  o.o l 
o . o  o.o l 
o . o  o. o 1 
o.o i,e  0 .0003 z 
o . o  o . o  1 
o .o o.o 1 
c..0211 O.O'll8 6 
0.0.,.11 0. 0 1 64 LJ  
0.0211  0.000, z 
ll . O l H  0.0003 2 
0 .0631 0.01411 l6 
0 . 0 132 0.0.202 z 
0.010, o.o, .. u 
o . o  o.o l 
0.0102 o . oou 3 
0.0327  0.0101 u 
0 .0642 o.ou, s 
0.0,,2  o.ouz 5 
0 . 023' 0 . 0006 z 
o . o  o.o L 
o . o  o.o l 
O.il4'7 o.ozo• 1 1.  
o . o  o.o 1 
0. 034Z o.ouz 14 
Oe OZl l  0. 000, z 
o . o  o . o  l 
0.0111 0.0 11• 14  
o . o  o . o  1 
o . o  o . o  l 
0 .0,11 O.O•H4 u 
o.o  o.o  l 
o . o  o.o L 
o .oo•• 0.0001 z 
o.0•1a  0.00 34 3 
0.0200 0.0020 6 
o . o  o.o  l 
o.o o.o l 
0.0111 0.0090 7 
o.J o.o l 
o . 0450 O.O l6Z 9 
o . o  o.o 1 
o. Ul4 o.oz•• 3 
o.o  o.o  l 
i>. o o.o 1 
o . o  .. , ,  0 . 0021 z 
o.o o.o  L 
o .o o.o 1 
o. o o.o 1 
o .o o.o  l 
�-0 o.o l 
0 . 0...,. 1  o.oosa • 
o . o  o.o 1 
o.o o . o  l 
o.o  o.o  1 
1.0211 0 . 000 , z 
0.0,11 0 . 001, l 
0.0111 0.0017 z 
o . �  o.o l 
o . o  o.o 1 
o . o  o.o 
o.o o.o 
1).0  o.o 
0 .0,01  o.nu JU 
215 
Table 50 . Summary statistics for 
by maternal age factor 
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2. u .. , .  o.o r:, .:, 
, .  MHZ 1 . 0000 1 . 0000 
3 . a?o•• o.o o.o 
Wl" .. l'I GIIOU•S ,..,.,.1\. 10,1 . 0000 ... 2632 
2-Ulnar asymmetry 
codes (females ) .  
$TO Ot!V SU� 011 SO N 
4 .6690 n • .zooo ' 
o.o o . o  1 
o . o  o . o  1 
4 .64 14 30 1 . 6000 1.5 
J . O  o . o  l 
o .o o.o l 
0 . 101 1 0. ,000 z 
3 . 4017 69. 7\43 1 
3 . 51 9 5  1 2 . 5000 z 
z. uu 40 5 000 2 
7 . 55'7 7•2.9216 14 
T .ZJ61  •H l.1119 9 
o .o o.o l 
o . o  o.o l 
6. 3 1 5 9  391.9091 11 
o.o o.o 1 
9. 5049 144 • ••• 7 3 
o .o a.o l 
1 . !1"'43 170.7 '00 • 
o.o a.o 1 
o .o o.o 1 
o . o  o .o 1 
•• ,001 370. 0000 9 
5 . 5051  4Z4a.WOO u 
1).0 o.o L 
o.o o.o 1 
2 . 46911 54.9000 10 
r. uu UZ'f.0400 25 
o.o o.o l 
o.o o.o Ii 
l . 4142 2. 0000 2 
• •  3403 1 60.1000 5 
1. 4142 2.0000 2 
o.o  o.o  1 
1.au1 1 30. 9000 lll 
o.o o.o 1. 
o.o o . o  3 
6. 7619 ,04.3000 u 
o . o  o.o 1 
o.:> o. o 1 
o.o  o.o ... 
0. 1071 0. ,000 z 
7 . 1 40'f 500.9 1 6 7  lZ 
6 . ...  1, ... 291.1 7 '0 • 
9 o l9 l• l 7 Z.6667 l 
o.o o . o  1 
2 . 91 14- ,o. a,7 1  7 
o.o o.o 1 
o .o o.o 1 
o.o o.o 1 
..... 01 100 . u u  • 
o.o a.o 1 
o . o  o.o l 
, . s  •• , 98. 0000 2 
J .  7 0 7 1  0.,000 2 
2 . 30"4 10 .... 1 l 
o . o  o .o 1 
o . o  o. o 1 
a . a  o.o l 
� .o  o.o 1 
� .o o.o 1 
o . o  o.o 1 ------ -
5 . 9362 6 ' 1 9 . 0 1 30 Z47 
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Table 51. Summary statist ics for 
by paternal age factor 
C-,:J! YALU! I.AHL SU"! '""""' 
• \ . 17'1 1 1 1 .0000 l . 0000 
• t  ....... l 1 . 000'> 1. , 000 
•t.712'!11 1.ooco 1. 0000 -, . ,.., , u.0000 •• au• 
- l . 1 '!1 '5  ... l .0000 t .0000 
• l . ,?2 1 66 1, .0000 3.  7500 
- l . �401 7 1.0000 z.3133  
•l. 1'791 1!16.01)00 4.toOOO 
-o .<101•10 1 11 .0000 1o ..... oo 
-Q.9"11)'!14 1.0000 3 .0000 
• ., ... 012, 1. 0000 3 .0000 
-'.> ,d5tl76 1•.0000 l to.0000 
-o. 7to29 8 1 1 . 0000 , . , ooo 
-1) . ,!,2 "2 1)  39 .0000 3 . 90.,0 
-'.>, 5 1 '5•2 ,, .0000 ... 5 133  
-0 . 4824'2 10,0ot'O 10 .0000 
•O.loOtU 12 .0000 2-•�•7 
-0. 31101 to.0000 •• 0000 
•O . J69t • 52 . 0000 3.4.67 
-4' . 26410 12.0000 1.0000 
•O . l!I0' 2 21.0000 J.3 7 50 
-o . 1 1 !02 ••  0000 •• 0000 
-().0]674 ZT.0000 1 .a , 1 1  
-11.00424 ?9.oooo •• 1 •2• 
0.07704 z•.0000 ,.3333 
0. 10,,. ,1.0000 3 . 3 !71 
0,1'1011 o .o o.o 
0 . 2 1 431 1,.0000 1,. 0000 
0.22112 43.0000 3.9091 
0. 24688 ,.0000 ,. ,ooo 
0 . 3211 6 3 . 0000 3.0000 
0 ... 1,• 6.0000 1.0000 
O.lo7"4 1. 0000 2.1n1 
o. 55572 T.0000 3 . 5000 
o. ,un 2,.0000 2 . 7771 
1).6\ \ 79 1 . 0000 1.0000 
o. 711200 36.0000 J . 6000 
o . s u1 i,  u.0000 2 • .000 
0.84 8 2 1  20.0000 •• ocoo 
�.9, n z  1.0000 1.0000 
l .06690 , .0000 z. 5000 
l e H8 U  2 .0000 2 .0000 
1 . 17 174 1 . 0000 1. ooco 
1 . 1 11,•• 12 .0000 •• 0000 
1 . 2., .... n . 0000 l.!1 000 
t . 3 Z 69• • •  0000 4.0000 
lo '-0824 1.0000 2 . 3 J J J  
\.43 1 8 0  2 .0000 z.0000 
t . r.4074 J . 0000 1 .sooo 
t . 111\4 1 .0000 1.0000 
1 . aOS64 , . 0000 z . 0000 
l . U'-41 1 .0000 1 . 0000 
l . CJ \942 , .0000 ,.0000 
Z.03320 4 .0000 •• 0000 
2 . 211•12 2 .0000 z.0000 
z. 36560 3 . 0000 , .0000 
Z.J'"\ 0 1 .0000 1.0000 
2. S l \ U I  , .0000 6.0(100 
Z. 62,�6 6 .0000 6, 0000 
z.901,,, • 2 .0000 z.0000 
, .uu• 1 . 0000 1 . 0000 
, . 14301 • •  0000 •• 0000 
lf(T'M!lf i;•�IJS TaT&l •••-0000 J. 9 Z'J l  
1-Radial asymmetry 
codes (females) . 
STD O!V SU:4 c, SQ It 
o . o  o . o  l. 
a .o o.o l 
o . o  o.o 1 
, .  1,1oz Z64.I II• 9 
o .o o.o l 
z.uoo zo. 7500 .. 
Z . 3094 10.660 1 ] 
1o. 0 1 •> Z 2 !. 6001l u 
l . UO l  z n . u .oo ZS 
o.o o .o l 
o . o  o . o  l 
o .o o.o 
3 . 5 35 5  12.  5000 2 
l . 91 Z O  lZ. 9000 10 
, . ,? 0 9 5  1 9� 9 1 6 7  l Z  
o . o  o.o l 
z.zz91 54.6667 lZ 
o.o o . o  I, 
2 . 06!56 !19.73'33 1S 
7 . 30 30 uo.0000 • 
J . "'6U n . 1 1 50 a 
o.o o. o l 
3 , 0ZJ7 , •• a,71 7 
3 . 2179 ••• a,n 1 
2.uz1 29. J l]J 6 
Z .3732 73. ZHJ l• 
o.o o. o l 
o.o o.o 1 
1 . 010 1  -,. ,0•1 11 
3 . 5 35' u .,ooo z.· 
o . o  o.o  1 
z. aza• 1.0000 z 
1 . sz 1 5  4.6667 l 
3 . !1 35 5  12. ,000 z 
z . 2n 1 •l.5556 9 
o . o  o .o 1 
2 . 2 2 1 1  ..... '-000 10 
Z . 30Z2 2 1 . zooo 5 
0.1011 2. 0000 5 
a.a o.o l 
3 . 53,, u. ,ooo z 
o . o  o.o l 
o.o o.o l 
1 .. 1u 1 6. 0000 l 
a.1011  a.,ooo 2 
3.0  o.o  l 
2 . 309<4 10., .. 1 l 
o. o o. o l 
0 . 1011  o.sooo z 
o.o o.o l 
1 . , 1 42 z. 0000 z 
11.0 o.o l 
o.o  o.o l 
o.o o.o l 
o .o  ,1. 0 1 
o . o  0.3 1 
a.o  o . o  l 
o . o  o.o l 
o.o o.o l 
o.o a. o  1 
o . o  o.o l 
o.o o . o  l ------------------�----
, . ,  •• 4 u, •. 1 1 11 247 
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Table 5 2 .  Summary statistics for c-d asymmetry 
by birth order factor codes (females ). 
c�o, Y&I.Uf 1..J.H\. SUit .. ,,.,. STIJ DIV SUie Ill' SQ 
- 1  •• 1110 6. 0000 � . 0000 o .o o . o  
• \ . SU1'9 u . 0000 u . 0000 o.o o . o  
- 1..  . ...  , ,, .  lft.0000 "'•0667 z . oau a.6667 
- 1 . 1oz11oe ,.0000 ,.ocoo o . o  o.o 
•1 .36 1 17 o.o "·" o . o  o . o  
- 1 .znn o.o  o.o o . o  o.o 
- 1 . 1 , ,. ,  31 .0000 6 .ZOOO u.o.o ••z .,ooo 
- 1 . 0 , 2 1  .. �. 0000 , .lll3 ••  11,,  .. , ••••• 1 
-0.')49 1 "'  10 • .1000 , . :i oo o  o . o  o . o  
-o. a"''"' .,. 0000 .... 0909 1 . ae•r 1'0. 9091 
-o. 1•2,2 1 00.0000 ... ocoo z. 9439 zoa.0000 
-o. f(i , 93 3 .0000 1 • .1000 o . o  o.o  
-0 .6395 2 1 1 .0000 3. 6000 Z . 401l Z 3.ZOOO 
-o.ooz,z 11 .0000 9. 0000 .... z•z• 1 1. 0000 
-o . , 362 1 ... 0000 , •• 667 3. 133"- zo,. 71)3 
-0. 49952 6 . 0000 •• 0000 o.o o.o 
•O.'t9'9Z 1 13 .0000 Z . 1667 '·''"°' 11., 333 
·"· "'32!9 6J .OOOO 1.0000 6 . 1 19 1  372.0000 
•O .J•6 Z l  z.0000 z .0000 o.o o.o 
-,.1n•" 24.0000 1.0000 1. 7121 6. 0000 
-o.J!lf1. 1 ,.0000 , . 0000 o.o o.o  
-OoZ'291) 76.0000 7.oOOQ 1 . , 211 654 . ..  000 
-o.z, ,,o 3 .0001) 3 .0000 o .o o.o 
-0 . 1 �·" s,. 0000 •• , 133 �.2)10 1 96. 9 1 61 
--o. i,z� ,.0000 9.0000 o.o  o. o 
--0 .0 .. , 9  z . oooa z .0000 o . o  o . o  
-o.o,n1 ,.0000 ,.0000 o . o  o . o  
• .,.0••• 9 •• 0000 El.0000 o .o o.o 
0.01 673 ,i.0000 J. 7 143 1. z,12 U l . 1 571 
0.05J7Z ....  0000 z . 0000 2 . 121• 1.0000 
o. u.,,• 14.0000 , .6000 1 • .a .. 767.61)00 
0 . 1,en z. 0000 2. 0000 o.o c.o 
0.2101>• zo.0000· •• 6667 •• ,o,z .0.6667 
... 2,.,1 , z .0000 z . 0000 o . o  o . o  
o . J Z & n  • •  0000 ... 0000 o . o  o.o 
0 . 1,n, 21 .0000 3 . QOOO 2 . o u 1  u.0000 
o.�.,, ,.0000 1 . ,000 0.1011 o.5'loo 
o. ,e .. •6 21.0000 Z.lU3 ?. 1H4 ,a.0000 
0.672?7 10.0000 3 . 0000 1 . 1313 111.0000 
'). 17624' 1 . 0000 ,. 0000 o . o  o.o  
O. IT'tZ� u .0000 3 . 1•'29 Z . 9H l  ,z.nn 
0.9162' 9.0000 •• ,ooo 0 . 10n 0 . ,000 
t>.91 260 10.0000 z . ,ooo 1. nu 9.0000 
1 .oun c,.o o.o o.o o.o 
1 . 1 2 2 ,  .. S .0 000 z . ,ooo 1 . , , , ,  u.,ooo 
l oZl'90 22 . 0000 Z. 7500 l . Hl l  n.sooo 
1 .... 1zn ,.0000 , ••• 67 1 . 1.HJ z .•••1 
1 . , , , , .,  1 . 0000 • •  0000 , .. , .. 32 .0000 
1 . 1  .. 1 14 o .o 0.1) o . o  o.o 
1.  7'11S4 ,. 0000 ••  0000 o .o o.o  
1 . ,,.,u ... 000') ... 0000 o . o  o .o 
1.1121 , 3 .0000 1.0000 o.o o.o  
L o 't U U  z .ocoo z . 0000 a.a o.o 
z.otM• u.0000 3. ,z,00 z. 5000 u. 1,00 
z. 3'9•04' ,. 0000 1 .0000 o .o o.o 
z.,11:,e 1 .0000 1.0000 o . o  o . o  
Z . 641•0 1 .... 0000 1•.0000 o . o o.o 
Z . 9' 10Z  z . 0000 z.0000 !l • .J o.o 
3 o 1 '7H a . 0000 .... 0000 z .u ... 9 . 0000 
1.z•o•, z .0000 z. 0000 o . o  o .o 
3. 1"'1%1 ... 0000 •• 0000 o . o  o. o 
•• ,7%13 •• 0000 •• 0000 o.o o.o 











1 1  
2 5  
l ' 
2 














































Table 5 3 .  Sununary statistics for C-Radial asymmetry 
by birth order factor codes ( females) . 
C':'01 VAI.UI 1.Hft. SU� ... , ... STO OIV SU" 0111 SQ N 
-, .,1 110 o.o 0.'3  o . o  o .o 
•! • •• ,u., o.o o., o.o o.o 1 
- , . 46.08 1. 0000 z . n n  z . ,1a t1 a .0••1 3 
-1 . •uoe o .o 0.,1 J .O a.o l 
- t . 36 l 17 o.� o . o  o .o o • .J l 
-1.z,e11 CI .O 0 • .) o.o  o . o  1 
- 1 .  u,4, , .0000 1 . zooo z. otJl Z I. �000 ' 
- 1 . 0 , u •  3 ' . 0000 •• ,ell  "' • 0 l 04 1 u1. 9 t a7 12 
-o • ., •• ,4 1 .0000 4.0000 z;121• 1. 0000 2 
-o. a4,a, ]4.0000 J • .)909 , .o••• 2,a. 10, 1 1 1  
-0. 1•2 , z  !l. ooco z.  3 200 4.l 178 ••7.•.-..JO 25 
..JJ . 10,,u 10 .0000 1 0.JOOO o . o  o.o 1 
-o .a1•, z  . n . 0000 a . zooo 3 . 761] '6. aooo ' 
-o.ao z , z  11.0,00 ] • .)000 ... 2426 u. 0000 z 
. .,.n,u 51. oooo 3 . ' 3 31 5 . 110,  37,.  7333 u 
-o . ...... , z  1 .0000 ••  ,ooo o.o  o.o l 
-"·"''"Z l • •  0000 1 .0000 1 .  , ... ,z 1 2 . 0000 6 
-o.-,zn 21.0000 1 . 0000 ... 351• u z .0000 ., 
-0. 3.U l o .o o .o  o . o  o . o  l 
•Oo l.,4'0 z . 0000 0 .0667 t . 1'47 z.a .. 1 l 
-o. 3',Zl 1 . 0000 1 . 0000 o .o o.o l 
-l. 2" 290 ]0.0000 l .00?0 1 . 01n 12. 0000 10  
-o.z,, .. o 1 2 . 0000 1 2 . 0000 o . o  o.o l 
-o.u .. ,a 30.0000 z. ,ooo J . llJ] 1 1,. 0000 12 
•O. l , Z'IO o.o o.o o .o o.o 1 
-o. oe•'" o .o o .o o .o o.o l 
-0.,,.,2 1 10.0000 1 0 . 0000 o .o 1). 0 1 
-o. o•"'" ••  0000 ... 0000 ,.o o .o l 
O.O U7'! z4 .oooo 1 . 1 143 3 . 5394 uz.nn 1� 
o .o,nz o.o  o . o  o . o  o .o z 
0. 12004 4,.0000 3 .,1000 J.2514 1 41 . 0000 u 
., . 1!67? 10.ooc.,o 10.0000 o .o o.o l 
o • . uoo4 u . 0000 4.JJJ] 4.041'  ] Z .6 .. 7 J 
0.260 ] ,  o .o o.o o . o  o.o 1 
o. J 2 63'5 o.o o.o o . o  o . o  l 
,.nn, 36.0000 ,. 1•Z9 l.2971 •"'- &'71 7 
' ·" ... J' 1".0000 1 . , 000 4 . 9497 z�. ,ooo z 
., . ,6,i66 z,.0000 1.zzzz , . 0 9 3 6  ZQT. ' 5 5 6  9 
0 • .-.n .. 1 4z. oooo 4. 2000 ,. 16•1 299.oOOO 10 
0 . 11'2" 10.0000 1 0. 0000 o .o o.o 1 
o .a1•z• ,0.0000 7. l .. Z9 6 . 6940 ZU.8'71 T 
0 . 9 l 6 Z f  1•.0000 , . ,ooo 0 . 1011 0. ,000 z 
0. 9 ! Z60 1, .0000 1. 1,00 •• 3 .. 9 3  , ••  7500 .. 
1 .ouu 0.1) o.o o .o o . o  l 
1 . 122,. 10. 0000 ,.0000 1 . 011 1 5,>.0000 z 
1 • .z n•o 4z.oooo , . z ,oo , . 3 1 1 1  1 9 7. 5 000 l!I 
1 . ..  1222 u . 0000 ,. 0000 z . 0000 1 .0000 J 
1. 515'3 10.0000 , • .,ooo o • .> o.o l 
1 . 1  .. u .. o.o o.o o . o  o • .:> l 
t . 1"r '!l4 o.o o.o . o . o  o . o  1 
: . �., 1 ,  z .0000 z.0000 �.o o.o  1 
t •. un, •• 0000 11.000'l o . o  o .o l 
1 . ,e,1 , •• o.,oo •• 0000 o.o  o. o l 
Z . 0 1 !,.6 zs. ocoo •• .:,oo 4ol1ZO , •• 1,00 ' 
2 .  ) .. !09 o .o o.o o . o  o . o  1 
z. ,, 101 • •  0000 6.0000 o .o o.o 1 
z . �•t'-o o . o  o . o  o.o  o .o 1 
Z . 9 ' 10:?  o .o o.o  o . o  o. o l 
l . 1!71 3  1 2 . 0000 •• 0000 11 . un 1 2 . 0000 z 
3 o Z6C6 5 1 6 .0000 u .0000 o.o o.o 1 
1 .  1 .. n1 ri.o o .o o .o  o .o  l 
•.nzn 12.0000 1 2 . 0000 o . o  o .o l �----���---��-----��-------------
11 t'"MT'I G•ru•s T1"1l. .. , . ooc,o ,. ,ozo •• 210) 3 319. l Z U  l41 
2 19 
Table 54. Surrunary statistics for D-Radial asyrrunetry 
by birth order factor codes (females) . 
COO! YALU! UHi. SU!lt "f.t.N STD OIY SU" 0111 SQ N 
- l.61170 o .o o .o o . o  o.o 1 
- l . ,6819 z . 0000 z.0000 o . o  o . o  l 
-1 • •• ,0, u . 0000 •• 0000 •• 9282 96.0000 l 
-1 • •  z sos o.o �-� o . o  o.o 1 
- l . !6 1 17 0 .1) ').J o.o o.o  l 
-1 • .:,111 o . o  o . o  0 • .1 o.o l 
- 1 . !  ,, ... , Zl . 0000 •• 2000 3 .J446 44.dOOO ' 
-1.:,,2 1 4  13.0000 1 . J I J3 2 . 9]7' 94. 9 167 12 
-IJ.949 1 4  o . o  o.o G .O o . o  z 
-o. !4 ,it] n .0000 z . u sz 6 . "z' . 1 1  •• 1M> 1 1  
-" •  74% '1 2  •l .OOO'l 1 . 1 2:,0 1 . 1, n  ] ]9.0�0 z ,  
-o . 71i,9,  o.o o . o  o . o  o . o  1 
-'l . 1tn,2 o .o G .O o.o  o. o ' 
•O.bO Z 5 2  o.o G.O  o .o o . o  2 
-o. , 36 H  t•.0000 o.on l . 9445 , 2 . nn u 
• ., .... ' 2  o.o o.o o.o G.O 1 
-"·"'""Zl 20.0000 1.3333 , .  7'0. u,.nn 6 
-o ... un .,.0000 ,. 0000 7 .•JlO 442.0000 9 
•O . J96Zl o.o o .o o . o  o. o 1 
-0. 39,90 a . 0000 2 .6667 4.6 111 42.6667 ] 
-O. l 5<tZ l o .o o . o  o .o o . o  1 
.00 29290 41 .000Q 4 . 1 000 6. 9'14 43 .... 9000 LO 
-o. z ""o o .o 0 • .1 o . o  o.o 1 
-0. 1!91 11  31.0000 z . 1,00 .... 3927 z u.z ,oo u 
.., . 1 529/J l4.0000 L4o3000 G.O o.o l 
-o .ou,. o.o o . o  o . o  o . o  1 
-0 .016 2 1  10.0000 L 0 . 0000 a • .> o.o l 
-o.o •• , .. o . o  o.J o . o  o . o  1 
0.01673 43 .0000 3.0714 6 .Z3ZZ ,04.9296 l• 
0.0'372 u.0000 1. ,000 10 .6066 u z. ,ooo 2 
0. 1200• )4.0000 2. 2&61 , . .. u 410o 931J u 
G . 1'672 o . o  i, . o  o . o  o.o 1 
o .z�o.,. o .o o.o o . o  o.o l 
o. 26•n, o . o  o . o  o .o o.o l 
0 .326! 5 1 ' . 0000 i , .0000 o . o  G.O l 
,,. ]633 , o .o o.o o . o  o. o 1 
0 . .... 1 ,  o .o o.� o.o o.o 2 
0 . '6 .. (16 10.0000 1. 1111 7 . 102" "'°'·"" 9 
0 .611•1 n .0000 L . 3000 z.,J.3• 44. 1 000 10 
,. 17�2"' o.o  o.o o . o  o.o L 
0.87ctZ9 9.0000 1.zas1 2 . 914 \ '51 . 4216 7 
o.,uzs 1 1 .0000 ,. ,ooo 1. 11n ,o. 5000 z 
Go'tl 2fl0 1 . 0000 2 .0000 z .... ", 11.0000 4 
1 . 0 1 9 2 �  o .o o . o  o . o  o . o  l 
1. 122,.  , . 0000 z . ,ooo l .535' 1 2 . ,000 2 
L .zz ,•o u.0000 z.0000 5 . 6569 z24.ooo o  • 
1 . •JZZZ 12 .0000 40 0000 •. ,uz ... . 0000 ] 
L . 53 5 ' 3  o .o o.o  i,.o  o.o  z 
1 . 74 1 19 4  o .o o.o o .o o.o L 
1 .  77H4 13 .0000 l ] .0000 o.o o. J l 
1 .11 . , i ,  o . o  o . o  o .o o.o l 
1 . u2 1 ,  z . 0000 z . 0000 o . o  o . o  
l . '111 ' 1 5  o .o o.o o .o o . o  1 
:! . 0 '!! 114� 1 1 .0000 4 . z ,00 , . sooo zu. 7500 \ 
2 ,  , .. ,, .. , .0000 • •  0000 o.o  o. o 1 
z . ,1 1 0 1  o.o o.o o .o o.o  l 
Z.6•1•0 o . o  o .o o . o  o . o  1 
z . • ,  102 22. 0000 2 2 .0000 o .o o.o L 
J . 1 571 1 25 .cooo 1 2 . ,000 · 4. 949'1' z4.,aoo l 
J o Z606, L4.0000 L 4. 0000 o . o  o.o L 
]. 7 .. 7 ? 7 o.o o.o o.o o . o  1 
•• nz11 ,.0000 , • .,ooo o . o  o.o  1 --�--�--�-------�--��-----�------





- 1 , ! UH 
• Z , 3 349" 
• Z. 106Z l 
- 1  • . ,., ••• 
•1 , H ,4 1  
-1. , ! 71 8 
- 1 .-.,1165 
•l. 2984 1 
- l . 2 64o l 
-1 .J963 8 
- 1. J2 54 l 
-o . nua 
-0. 92 9 1 4  
-C ,!676 l 
-0. 80 7011 
-�. 7!6 L l  




-0 , ol. 70 t't l  
•0, lo46111  
-0 , 339 1 1  
-� .278'8 
-0. 2 1  .. 0, 
•O. l. 10]4 
..., ,  • ., .... 9 1  
0.01012 
0,02 1 1 6  
.,,,au• 
0 ,  1422% 
?, 1 7 9'f 5  
o. 2••• 2 
o . znn 
0. )7099 
., • ..o , z z  
0 , 5392% 
o.  59975 
0 . 7 1 1 2 6  
0, 7679'9 
0 , ! 2 111 5 2  
0 , 8'994'9 
0,96002 
, . 99676 
1, l Z IIZ 6  
1 , 1 11179 
1 , n93Z 
l , • 1 75 5  
1 .  5 11'7" 
l ,nn• 
1 , 7779 2 
l , a t 4 , s  
1 0 13 1 3 6  
Z .0065 9 
Z,0 6 7 1 ? 
Z. 2353S 
Z , Z951J9 
Z, •6'>1 2 
2. 59562 
:? , 63236 
Z , !Zol.39 
55 . Sununary statistics for 
by maternal age factor 
'l&LU� UHL SU .. ..... ,,. 
o . o  o . o  
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Table 5 6 . Surrunary statistics for 
on fingers by maternal 
COOi VII.UI 1.U!\. SU• �IAN 
-2. u  .. , ,  3 .0000 1 .olOOO 
• Z . ::!l6 l l  llo .lOOO 1 3 . 0000 
-z.n�" lOo JOOO 10. 0000 
•lo L06Z 1 ,. aaoo 5 . 0000 
•l . 30 !141 H. !lOO,, H.JOOO 
- 1  • •• , .. l 7 7 .JOOO 2, .... 1 
• l o S 1 1 \ I  , .. .  oaoo 1 7 . JOOO 
•l . .. , •• , 1 n . ooao u. 7 2 73 
- 1 . 291141 o .a o.o 
- 1. 2646 1 a . c>  o . o  
- 1 .o••H 11. 0000 l Z o HJl 
- t . Jz,•t u .0000 13 • .lOOO 
-o. ·U f16 8  u . ooco 2 3 . 0000 
-,:t. 1 2114> 1 .0000 l!l . JOOO 
-0 . '167� 1 14t .OOOO 1 0 . '7 1 •  
-0 • .91) 701 22 .0000 4.ltOOO 
-o. 716 1 1  z. oooa 2 . 0000 
-o.11••1 a n.oaoa 1 1 . , 000 
-? .117,,1 z .ooaa 1 .0000 
-0.63110 26' .0000 16. 5625 
-o .,on4 100 .0000 2'.0000 
-0.4706 1 1.0000 7 . 0000 
-0.4468 1 33 .0000 16. 5000 
-o.nn 1 6.0000 6.0000 
-1). 27111 9 1 . 0000 n.0000 
-0 . 2 1 � ,  UT.0000 t z.0 769 
•0. 1 1034 3 \ . 001.'0 1 1 .0000 
-Oo041fl l 1n .oooo 16.2 721 
�. 0 1 072 297.0000 16. 5000 
0.02 1 1 6  15.0000 15.JOOO 
o.o>ll 1 6" 84.0000 42 .0000 
et . l•lZZ "·0000 •• 0000 
0. 1 n,, ... 000') 1 •. 3 333 
o • .t••"2 , . 0000 , . 0000 
,.zn12 1 .0000 1 . 0001) 
a. 110"• 160 .0000 11.  7'771  
o . 40,22 11.0000 1 2 .0000 
o.s1•zz •0.0000 20.0000 
o . ,  • ..,, 20 .. .  0000 1 ... , 1 1  .. 
a. 7 1 1 2 6  u .ocoo 10. ,000 
o. 76 799 .o.ocoo � 0 .0000 
?.12 e , :z  245 .0000 z•. sooo 
o • ., ...... J7 .0000 37. 0000. 
0.9600 2 1, .0000 15 .JOOO 
0. 9.6 16 ••• 0000 "2 .0000 
l . l2"26 11.0000 1 1 . 0000 
1 . 1 187" u1.oooo U.UJ3 
· 1 . 2•• :SZ o.o o .o 
1 •• 1 1, ,  99.0000 19. 8000 ' 
1 . ,.,1 .. 12.0000 36. 0000 
1 . 11 12• J.0000 1 . 0000 
1 .  77717 64 .ooo, ••• 0000 
l . ' 1 45 5  u .0000 1 2 . 0000 
l . 4'3 1!136 o . o  o . o  
z.,o,s• ,, .o o.o 
Z o 06Tt z 1 1 . 0000 1 1 .0000 
z. 2:n1, 3' .0000 1 1. soo� 
Zo2'9'9" O . ?  o . o  
Z . 464l% a . o  o.o 
z. ,•s•z l"oOOOO 1 ... 0000 
z .  �3236 o.o o.o 
2 . ,U'-?I" ... .  000 0 "6.0000 
V ITM tN G�OU�S TQT&L ]" 16.0000 1 6. 0176 
222 
surruned ulnar asymmetry 
age factor codes (males). 
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statistics for total asymmetry on 
by maternal age factor codes (males ).  
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5 8 .  Summary statistics for 
by maternal age factor 
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Table 59. Surrunary statistics for 
by paternal age factor 
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Table 66. Summary statistics for b-c asymmetry by 
paternal age factor codes (males). 
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Table 67. Summary statistics 
birth order factor 
for C-Ulnar asymmetry by 
codes (males ) . 
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